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To determine the optimal seeding rate and utilization of seed treatment combinations for
maximizing soybean yield within optimal and late planting dates. Also, experiments were
conducted to quantify effects of soybean stand loss and to determine optimal seeding rates at
various planting dates comparing three seed treatments. Experiments were conducted to test
influence of planter type and seeding rate on soybean. Soybean seed treated with at planting
insecticides showed no difference in yield compared to fungicide only treated seed. Also, yields
were maximized at low seeding rates where no stand loss occurred. Soybean yields benefited
from where seeding rates were increased at 20% and 40% stand loss. Higher seeding rates can
provide significant risk of yield and economic losses if no stand loss occurs. Optimal plantings
can significantly increase soybean yields compared to later plantings. There was a significant
difference in yield where fungicide only treated seed was planted compared to seed treated with
a neonicotinoid. Low seeding rates maximized yield at optimal planting dates but were
penalized at late planting dates. Soybean yields benefited from increased seeding rates at the
later planting dates but there was no difference in any of the seed treatments compared to
untreated soybean. Also, there was less variation in inter-spacing of plants at the lower seeding
rate compared to higher seeding rate when using the cone planter compared to the other planter

types. There was no difference in yield for soybean planted with any of the evaluated planter
types. Yield differences were observed from higher seeding rate compared to low seeding rate.
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CHAPTER I
INTRODUCTION
Soybean
Soybean Glycine max (L) Merrill, is one of the oldest cultivated agronomic crops in the
world. It was first domesticated in the Northeastern region of China around 1100 B.C. and
cultivated as “Chinese vetches” in the American colonies in 1765 (North Carolina Soybean
Producers Association 2011). The first documentation of soybean cultivation in the United
States was in 1765 by a Georgia colonist (North Carolina Soybean Producers Association 2011).
Prior to the 20th Century, soybean was produced for livestock as feed and forage, rather than seed
crop production (North Carolina Soybean Producers Association 2011). George Washington
Carver further utilized soybean for oils and a high protein source for food products (North
Carolina Soybean Producers Association 2011). Soybean demand increased due to suspension
of Chinese production during World War II. As a result, the U.S. soybean production industry
significantly increased, especially, in the Mid-West region of the United States. Soybean
production rapidly intensified as the demand for oils, lubricants, and food products increased
following the end of World War II (North Carolina Soybean Producers Association 2011).
Soybean production continued to increase in the United States due to the development of new
uses for soybean oil and meal (North Carolina Soybean Producers Association 2011). During
2017, 36.5 million ha of soybean were planted in the U.S. (USDA-NASS 2017). The primary
soybean production states include Illinois, Iowa, and Minnesota which are located in the Mid1

West region of the United States (USDA-NASS 2017). However, production in the Mid-South
region, including Arkansas, Louisiana, Mississippi, western Tennessee, and the boot heel of
Missouri (North et al. 2016) of the U.S. has increased in recent years due to higher yielding
varieties and favorable market prices (USDA-NASS 2015).
Soybean is a photoperiod reactive plant that initiates flowering in response to declining
day length (Purcell et al. 2014). It is often categorized into maturity groups ranging from 00 to
VIII dependent on the amount of day length decline required to initiate flowering (Hartwig
1973). Growth habits of soybean can be characterized as determinate or indeterminate varieties
(Fehr and Caviness 1977). Determinate varieties possess a growth habit where all vegetative
growth halts when flowering is initiated, while with indeterminate varieties vegetative growth
continues after the initiation of flowering (Kogan and Turnipseed 1980). Determinate varieties
are typically taller in height after flowering begins compared to indeterminate varieties which
achieve less than half of their potential plant height and nodes at flower initiation. Indeterminate
varieties will continue vegetative growth while seed and pods develop before reaching their final
height and number of main stem nodes (Fehr and Caviness 1977).
Plant growth progresses through a set of ordered growth stages for determinate and
indeterminate varieties. Several methods in determining soybean phenology have been
published, however, the method by Fehr and Caviness (1977) was the first system applicable for
both determinate and indeterminate varieties. Soybean is generally planted at a depth of 2.5 cm
dependent on soil temperature and soil moisture (Purcell et al. 2014). Appropriate soil
conditions including moisture, temperature, and oxygen are required for germination (Purcell et
al. 2014). Emergence occurs around 4 days after planting when soil temperatures are between
27.7 and 29.4˚C. Soil temperatures < 10˚C, can delay emergence 5 to 21 days (Purcell et al.
2

2014, Pederson 2004). As germination occurs, soybean seed begins to absorb moisture up to
50% of its weight and the radicle emerges from the seed coat (Purcell et al. 2014). The
hypocotyl forms a hook and pulls the cotyledons from the soil (Purcell et al. 2014). Cotyledon
emergence is considered the VE stage of development (Fehr and Caviness 1977). After
emergence, the cotyledons unroll and a pair of unifoliate leaves develop on the mainstem
opposite of each other (Purcell et al. 2014). Once the unifoliate leaves are completely unrolled
and separated the growth stage is termed VC or cotyledon stage (Fehr and Caviness 1977). From
the VC development stage, soybean begins to put on trifoliate leaves in a pattern alternating
around the mainstem (Fehr and Caviness 1977, Purcell et al. 2014). Vegetative growth stages
begin at V1 and are described by the number of trifoliate leaves to the nth number, Vn (Fehr and
Caviness 1977, Purcell et al. 2014).
Reproductive growth stage begins at initiation of flowering (Purcell et al. 2014).
Reproductive stages are defined as R1 to R8 from beginning flower to plant maturation (Fehr
and Caviness 1977). Throughout reproduction, soybean develops self-pollinating flowers which
represent either purple or white in color or having a mixture of the two, dependent on variety.
Staging plant growth development of a field is characterized when 50% of plants within a field
are at or past that growth stage (Fehr and Caviness 1977). Once flowering begins and there is at
least one open flower on any node it is defined as R1 (beginning bloom) growth stage (Fehr and
Caviness 1977). Following R1 growth stage, plants continue to produce flowers at each node
and when there is an open flower below the uppermost node with a completely open trifoliate, it
is described as R2 (full bloom) growth stage (Fehr and Caviness 1977). Temperature and biotic
stresses can delay the progression from R1 to R2, but it typically occurs in 3 days (Fehr and
Caviness 1977). The R3 (beginning pod) growth stage occurs when at least one pod reaches 0.95
3

cm (3/16 inch) in length on one of the uppermost four nodes on the mainstem with a fully
developed trifoliate (Fehr and Caviness 1977). During R3, 60-75% of flowers abort and never
contribute to final yield (Pederson 2004). The R4 (full pod) growth stage is when at least one
pod reaches 1.9 cm (3/4 inch) on one of the uppermost four nodes (Fehr and Caviness 1977).
This growth stage is when pod number is set and starts the critical yield determination period
(Pederson 2004). The R5 (beginning seed) growth stage is when seed development begins inside
pods and seed is approximately 0.3 cm (1/8 inch) in length; located in the uppermost four nodes
of the plant with a fully developed trifoliate (Fehr and Caviness 1977). The R6 (full seed)
growth stage is the final stage of pod fill and is described when green seed in pods on one of the
four uppermost nodes of the main stem completely fill the pod cavity (Fehr and Caviness 1977,
Pederson 2004). Dry matter accumulation will cease at R6.5 growth stage (Pederson 2004).
Once seed fill is completed plants begin to reach physiological maturity (Pederson 2004). The
R7 (beginning maturity) growth stage is described as when one pod on the main stem has
reached its mature color (Fehr and Caviness 1977). The R8 (full maturity) growth stage is when
95% of the pods have reached mature pod color (Fehr and Caviness 1977). Most grain crops
decrease in moisture once senescence begins to occur. Once full physiological maturity occurs
an additional 7 to 10 days should be allowed to reach a moisture of 13 to 15% before harvest,
unless harvest aids are utilized (Pederson 2004). Harvest aids are used to desiccate soybean
foliage for timely harvest practices or environmental conditions.
Mississippi Soybean Production
Soybean is the leading and most valuable row crop commodity for Mississippi. During
2016, soybean accounted for 825,911 planted ha valued at US$964,752,000 in Mississippi
(USDA-NASS 2016). Planting usually occurs between early-March to June (Heatherly et al.
4

1999). Recently, Mississippi producers have adopted the early soybean production system which
consist of early maturing, indeterminate varieties are planted from March to early May
(Heatherly et al. 1999). The early soybean production system is utilized to avoid drought
conditions and high temperatures during pod and seed development stages, thereby, increasing
yield potential (Kane and Grabau 1992, Bowers 1995, Sweeney et al. 1995, Heatherly et al.
1999). Soybean planted later in May through June are typically utilized as a double crop system
after harvested wheat, Triticum aestivum (L). Production of soybean is comprised of multiple
agronomic practices in Mississippi.
The understanding for variety selection has increased greatly within the past few decades
in soybean further increasing yield potential. In the past, Mid-South producers were restricted to
determinate varieties, instead of indeterminate varieties. The determinate varieties were more
suitable to the Mid-South region due to the short day/long night period based on latitude and
warmer temperatures (Hoeft et al. 2000). Determinate varieties can channel energy and nutrients
into reproduction and mature seed once the main stem has fully developed. However,
indeterminate varieties are the majority of what is currently planted due to market availability
and longer flowering periods which can allow for greater plant height with more internodes
(Bernard 1972). This longer reproductive interval can result in the compensation of extreme
environmental conditions such as drought and heat stress (Bernard 1972, Hicks et al. 1969, Rode
1979). In contrast, the extended reproduction period provides a longer window increasing
susceptibility to other yield reducing factors (Ablett et al. 1989, Foley et al. 1986, Ouattara and
Weaver 1994, Robinson and Wilcox 1998). In comparison of determinate and indeterminate
varieties, differences in yield have been attributed to other environmental factors or cultural
practices.
5

The early soybean production system was introduced in the early 2000’s throughout the
Mid-South to increase yield potential. Recommendations for the early soybean production
system include planting late-Maturity Group IV or early-Maturity Group V soybean cultivars
from late-March through late-April (Heatherly 2005). Previously, recommendations included
planting late-Maturity Group V and Maturity Group VI cultivars in May and later planting dates
which comprised the conventional soybean production system (Heatherly 2005). During 2013;
36% of the soybean hectares were planted before 1 May, 28% between 1 May to 1 June, and
36% after 1 June in Arkansas, Louisiana, and Mississippi (Heatherly 2005). These trends are
largely associated with higher yield potential and aiding weed/insect control (Carner et al. 1974,
Poston et al. 2007). The early soybean production system aids in weed control management
through faster canopy closure, as well as, aiding in insect pest management through avoidance of
late season defoliators or decreasing vulnerability to late season insect pests (Carner et al. 1974,
Poston et al. 2007). Planting date is a primary factor impacting soybean yield potential (Cartter
and Hartwig 1963, De Bruin and Pederson 2008, Egli and Cornelius 2009, Hu and Wiatrak 2012,
Kane et al. 1997). Over the course from 1985 to 2008, on average, Arkansas producers have
planted 1 day earlier (Bastidas et al. 2008). Delayed planting can reduce the total length of the
vegetative growth period, flowering, pod set, and can affect seed fill (Chen and Wiatrak 2010).
Sensitivity to temperature and photoperiod is dependent on Maturity Group, cultivar, and
planting date during soybean development (Setiyono et al. 2007). From 1923 to 2008 the
response of soybean cultivars to planting date has changed (Rowntree et al. 2014). Current
cultivars exhibit shorter vegetative periods and extended reproductive periods compared to old
cultivars, which is associated with increases in yield potential for early planting dates (Salmerón
et al. 2016). However, increased yield response is dependent on the interaction between planting
6

date, Maturity Group/cultivar genetics, and location/environment (Salmerón et al. 2016).
Salmerón et al. (2014) found from previous research using stability analysis (Piepho 1998) that
Maturity Group IV and V cultivars had 80% probability of achieving yields exceeding 3000 kg
ha-1 at early planting dates (20 March to 31 May, dependent on location and year), compared to
Maturity Group III (70%) and Maturity Group VI (50%). However, for late planting dates (4
May to 17 July), Maturity Groups III and IV cultivars had the highest probability (62%) of yields
exceeding 3000 kg ha-1 compared to Maturity Groups V (57%) and VI (38%) (Salmerón et al.
2014). Similarly, Salmerón et al. (2016) observed lower yield potential with Maturity Group III
cultivars that were planted before optimum planting dates. Yield potential of Maturity Group III
soybean cultivars declined by 0.9 to 1.69% per day when planted after mid-May (Salmerón et al.
2016). Overall, Maturity Group IV cultivars yielded higher than Maturity Group III, V, and VI
cultivars but Maturity Group V cultivars maximized yield when planted at the earlier planting
dates (Salmerón et al. 2016). Also, with late planting dates, Maturity Group III and IV cultivars
had higher yield potential compared to Maturity V cultivars. Furthermore, Maturity Group VI
possessed the lowest yield potential on average across all locations and planting dates (Salmerón
et al. 2016).
Mid-South Soybean Production
In soybean production, the price of seed, and other inputs has increased significantly in
recent years. Increased technology fees for herbicide tolerant traits (Rawlinson and Martin 1998)
and additional weed management inputs to manage herbicide resistant weeds (Bradley et al.
2000, Johnson et al. 2000) have resulted in greater investments at the time of planting.
Therefore, producers have opted to potentially invest in greater economic decisions based on
various seeding rates to minimize seed costs and maximize yield potential at planting.
7

Recommended seeding rates vary from state to state throughout the Mid-South. For instance,
Louisiana plant population recommendations range from 197,000 to 296,400 plants ha-1
(Johnson 2011). Currently, Arkansas recommends a plant population of 296,400 to 321,100
plants ha-1 (Johnson 2011). As plant population decreases, seed yield per plant increases
(Carpenter and Board 1997a, Carpenter and Board 1997b). Previous experiments evaluating
plant populations from 29,936 to 494,000 plants ha-1 have showed a wide range of differences in
the minimal optimal plant population (Costa et al. 1980, Egli 1988, Leffel and Barber 1961,
Lehman and Lambert 1960, Lueschen and Hicks 1977, Parks et al. 1982, and Wells 1991).
Minimal optimal plant population can vary greater than 100% dependent on year from a single
cultivar, planted in the same location (Moore and Longer 1987, Wells 1991). Previous research
shows as plant population increases, yields eventually plateau (Edwards and Purcell 2005,
DeBruin and Pederson 2008). Producers strive for a minimal optimal plant population that will
result in the greatest economic return in the Mid-South.
Cultural practices such as row spacing and seeding rate can increase the crops ability to
compete with weeds influencing weed management (Grichar et al. 2004, O’Donovan et al.
2001). Higher plant populations generally result in more rapid canopy closure, therefore,
reducing weed germination and growth (Arce et al. 2009). Total plant biomass increases with
higher plant populations and results in almost complete weed suppression at high plant densities
(Weiner et al. 2001). High seeding rates were extensively utilized in conventional soybean
cultivars due to use of saved seed, which, did not significantly affect seed costs (Kratochvil et al.
2004). Higher seeding rates for weed suppression should be based on economic returns, because
the increased expense of higher seeding rates could exceed the value of the benefits (Nice et al.
2001, Renner and Nelson 1999). Prior to resistance issues, recommended seeding rates could be
8

lowered in glyphosate resistant soybean without negatively affecting yield (Norsworthy and
Frederick 2002). Also, Norsworthy and Oliver (2001) showed profit margins from weed
management was maximized at 185,000 seeds ha-1 and savings in cost of seed outweighed
expenses for an additional application of glyphosate.
Numerous experiments have investigated the impact of environmental factors affecting
minimal optimal plant population (Wells 1993, Ball et al. 2000, and De Bruin and Pederson
2008). Wells (1993) reported that the minimal optimal plant population of 30,000 plants ha-1
when favorable growing conditions are present including: greater light, higher temperatures, and
timely rainfalls. While the minimum optimal plant population under poor environmental
conditions including lower light, cooler temperatures, and consistent rainfall was 109,999 plants
ha-1. Ball et al. (2000) showed that plant populations needed to be increased due to reduced crop
biomass from decreased photoperiod and extreme temperatures during the vegetative growth
stage. Also, De Bruin and Pederson (2008) reported similar results and concluded that optimal
plant population declines when growing conditions are favorable. Determining seeding rates for
soybean stand establishment is an important factor and can be difficult to achieve due to percent
germination and seed vigor (De Bruin and Pederson 2008, Heatherly 1996). Emergence of
seedlings is due to two growth phases including seed germination and pre-emergence growth
through the soil. It is impacted by the seedbed environment, soil moisture, pathogens,
temperature, and impedance, which is the most important component (Delouche 1952,
Gummerson 1986, Helms et al. 1996, Ferriss et al. 1987, and Wheeler and Ellis 1992). Delays in
emergence can lead to increased seedling death due to the enhancement of microbial infection
seedlings (Woodstock 1973, Hamman et al. 2002). Microbial infections degrade membranes
(Leopold 1980), resulting in solute leakage, which stops development of the seedling (Helms et
9

al. 1996). Loss of seedling vigor can result in sub-par stand establishment and decrease yield
potential. Several other factors effect seed vigor including seed size and soil type. Size of seed
is generally associated with seed vigor (Burris et al. 1973, Hopper et al. 1979). Soil conditions
can also effect seedling vigor dependent on soil type (Christmas 2012). Heavier, cloddy soils
have been associated to impede seedling emergence and sandy soils are usually easier when
trying to establish an optimal stand (Yaklich et al. 1979). Numerous experiments have
investigated benefits of fungicide seed treatments applied to seed at planting for increased stand
establishment for diseased seed (Athow and Caldwell 1956, Edje and Burris 1971, and Wall et
al. 1983). Fungicide treated seed is also recommended for high and low quality seed (Ferris et
al. 1987) and when planting into soils with cooler temperatures (Bradley 2008). However, other
regions in the U.S. have reported no yield or economic benefits to fungicide seed treatments for
early planted soybean (Esker and Conley 2012).
Drought can also have an effect on plant populations in regards to yield potential during
the reproductive growth stage (Devlin et al. 1995). Under drought conditions, two plant
populations were evaluated, which included a low plant population compared to a high plant
population. The low plant population was planted at 129,112 plants ha-1 and the high plant
population was planted at 573,040 plants ha-1. Results concluded that the high plant population
depleted available soil water quicker than the low plant population, resulting in lower yield
potential compared to the lower plant population (Devlin et al. 1995). The genetic background
of a soybean variety also influences the minimal optimal plant population.
When comparing lower plant populations to higher plant populations, lower plant
populations have the ability to compensate for yield due to increased lateral branch development
and number of pods on each branch (Rigsby and Board 2003). Yield compensation in low plant
10

populations compared to increased plant populations is attributed to increased dry matter per
plant (Herbert and Litchfield 1982, Hicks et al. 1969, Lehman and Lambert 1960, and Lueschen
and Hicks 1977). Increased branch dry matter per plant leads to more branch nodes, branch
pods, and branch seeds (Carpenter and Board 1997a). These increases are attributed to spacious
low plant populations compensating from less competition and result in greater yields compared
to normal plant populations per plant (Carpenter and Board 1997a).
Neonicotinoids
Neonicotinoids are active against a broad spectrum of insect pests in many diverse
agricultural systems. This chemistry is extensively utilized in agriculture, turf, ornamentals, and
forestry (Pilatic 2012). Neonicotinoids are commonly used in row crop agricultural systems as
seed treatments and foliar applied sprays (Millar and Denholm 2007). Examples of
neonicotinoids utilized in crop production include: imidacloprid, clothianidin, thiamethoxam,
dinotefuran, acetamiprid, and thiacloprid (Hopwood et al. 2012). However, imidacloprid,
clothianidin, and thiamethoxam are the most commonly used, with around 57.9 million hectares
of cropland treated with at least one of these compounds (Pilatic 2012).
Imidacloprid was the first neonicotinoid insecticide compound to be patented by Bayer
Crop Science and in 1991 was marketed for use in Europe and Japan (Millar and Denholm
2007). It is considered a first generation neonicotinoid, along with, nitenpyram and acetamiprid
(Maienfisch et al. 2001). Nitenpyram and acetamiprid were released in 1995 and 1996,
respectively (Maienfisch et al. 2001). Following acetamiprid, thiamethoxam was marketed by
Syngenta Crop Protection in 1998 and is grouped as a second generation neonicotinoid
(Maienfisch et al. 2001). Thiacloprid was marketed by Bayer Crop Science in 2000 (Millar and
Denholm 2007) and Takeda and Bayer marketed clothianidin in 2002 (Miller and Denholm
11

2007). Lastly, dinotefuran was one of the last commercial neonicotinoid insecticides marketed
in 2002 by Mitsui (Millar and Denholm 2007). Imidacloprid (Gaucho®, Bayer CropScience,
Research Triangle Park, NC), clothianidin (Poncho®, Bayer CropScience, Research Triangle
Park, NC) and thiamethoxam (Cruiser®, Syngenta Crop Protection, Greensboro, NC) are the
most commonly used compounds applied to seed as a seed treatment (Pilatic 2012). However,
only imidacloprid and thiamethoxam are commonly used in soybean production as an insecticide
applied to soybean seed. Gaucho 600 is applied at 0.0747 to 0.2336 mg ai per seed (Anonymous
2015a). Cruiser 5FS is typically applied at 0.0756 to 0.1512 mg ai per seed (Anonymous
2015b).
Neonicotinoids act on central nervous systems of insects by blocking the postsynaptic
nicotinic acetylcholine receptor (nAChRs) openings generating overstimulation of nerve cells,
leading to paralysis and death (Bai et al. 1991, Liu and Casida 1993, Chao et al. 1997,
Wollweber and Tietjen 1999, Zhang et al. 2000, Nauen et al. 2001). Neonicotinoids are
commonly used because of their low mammalian toxicity and relative safety for humans,
compared to alternate insecticide classes such as organophosphates and carbamates (Tomizawa
and Casida 2003). They are effective against early season insects due to their systemic
properties through the xylem of plants (Magalhaes et al. 2009). Generally, this activity provides
14 to 21 days control of early season pest complexes, however, the half-life can exceed 1,000
days, dependent on environmental conditions (Bonmatin et al. 2015). Although neonicotinoids
provide effective control of many early season insect pests, some consider them not consistent
with an integrated pest management program (Metcalf and Luckmann 1994) due their use as
preventative treatments.
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Widespread adoption of neonicotinoid seed treatments pose multiple environmental
disadvantages including extended half-life in soil, increased potential contamination of
groundwater, and potential pollinator population decline. Plants only absorb around 20% of the
active ingredient when applied to the soil or seed (Sur and Stork 2003). In contrast, with
neonicotinoid foliar treatments to targeted plants which generally exceed 50% absorption in
some cases (Graham-Bryce 1977). Environmental contamination can be weather dependent
because neonicotinoids can readily leach through soil or be lost in run-off due to rainfall and
grade of fields (Scorza et al. 2004, Anhalt et al. 2008, Selim et al. 2010, Thuyet et al. 2012).
Also, they can potentially bind to soil particles and not readily be systemic through plants due to
percent organic matter, clay content, and desorption from the soil which is dependent on
temperature (Cox et al. 1997, 1998a, 1998b, 1998c, Broznic and Milin 2012, Broznic et al.
2012).
Recent studies have shown that use of neonicotinoids could be linked to pollinator
decline due to environmental contamination, and registration in certain countries has been
discontinued (Krupke et al. 2012, Yang et al. 2008, Hopwood et al. 2012, Hardstone and Scott
2010, EPA 2014). Major routes of exposure to honey bees can be through dust exhausted from
pneumatic air planters when planting seed treated with neonicotinoid compounds. Multiple
crops are planted using pneumatic air planters worldwide and utilize a seed distribution system
that works by use of a centrifugal fan generating a vacuum effect (Krupke et al. 2012). Air sucks
into the fan opening, dragging seeds to a perforated disc that is used to pick up individual seeds
and drop them into seed furrows (Biocca et al. 2014). Neonicotinoid treated seed often stick
together causing uneven flow of seed. Graphite or talc is typically applied to seed hopper boxes
for lubrication to guarantee even flow of seed at planting (Krupke et al. 2012). Dispersal of talc
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can be disseminated with planted seed or blown out into the air through the exhaust fan (Krupke
et al. 2012).
Neonicotinoid insecticides are commonly utilized in the Mid-South in all major row
crops including corn, Zea mays L.; cotton, Gossypium hirsutum L.; rice, Oryza sativa L.;
soybean, Glycine max; grain sorghum, Sorghum bicolor L.; wheat, Triticum aestivum L.; and
peanut, Arachis hypogaea L (Elbert et al. 2008, Elbert et al. 2004). They are also used against
insect pests feeding on specialty crops (Elbert et al. 2008, Elbert et al. 2004). Their ease of use
and economical pricing have resulted in a 41% market share, which ranks second among all
agriculture chemicals applied around the world (Jeschke et al. 2011, Pollack 2011). Adoption of
neonicotinoids as seed coatings in estimated at >90% in corn (Haire 2014), 100% cotton, (North
et al. 2016), and >80% soybean ha (Musser et al. 2017) in the Mid-South region of the U.S.
Multiple experiments have shown that they can provide significant yield and profit increases
when applied as a seed treatment (Elbert et al. 2008, Jeschke et al. 2011, North et al. 2016,
Hurley and Mitchell 2017, North et al. 2018a, North et al. 2018b).
Early Season Management in Mid-South Soybean
Soybean production in the Mid-South has changed significantly within the past decade.
Higher yielding varieties and increased grain market prices have resulted in many producers
planting less cotton and more grains in the Mid-South with the primary crop hectares consisting
of soybean. The adoption of the early soybean production system has increased yields and
profits for producers (Heatherly 1999), however, this has also shifted management from late
season insect pests to early season pests. The early season insect pest complex of economic
importance include bean leaf beetle, Ceratoma trifucata (Forster); white grubs, Phyllophaga and
Cyclocephala species; wireworms, Melanotus spp., Limonius spp., and Agiotes mancus (Say);
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lesser cornstalk borer, Elasmopalpus lignosellus (Zeller); three cornered alfalfa hopper,
Spissistilus festinus (Say); grape colaspis, Colaspis brunnea (F.); pea leaf weevil, Sitoma lineatus
(L.); and multiple species of thrips (Davis et al. 2009, Davis et al. 2010). Primary thrips species
on soybean include Frankliniella fusca (Hinds), F. occidentalis (Pergande), F. tritici (Fitch), and
Neohydatothrips (Serico-thrips) variabilis (Beach) (Irwin et al. 1979, Chamberlin et al. 1992,
Davis et al. 2009, Davis et al. 2010). However, thrips impact on soybean growth and
development is minor compared to cotton. Insect damage during seedling growth stage can be
magnified and more detrimental to yield potential due to slower growth from cooler temperatures
associated with the early soybean production system (Baur et al. 2000). Impacts in yield can be
observed from early season pests by decreasing seedling emergence, survival, vigor, and the
widespread adoption of soil conservation programs have magnified early season pests damage
from soil insects, which can be the most yield limiting pests in soybean seedlings. Multiple
insect species comprise the early season pest complex in Mid-South soybean production fields,
making scouting and treatment decisions difficult (North et al. 2016). Neonicotinoid insecticide
seed treatments are effective in controlling both above and below ground early season insect
pests (Maienfisch et al. 2001) in soybean seedling stage fields (Baur et al. 2000). Currently,
neonicotinoid seed treatments are widely used in Mid-South soybean production systems
(Musser et al. 2017).
Justification
The objective of this research project was to identify potential neonicotinoid alternatives
to mitigate damage from early season insect pests of soybean. Also, this research was conducted
to determine the impacts of planter types and various plant populations on stand uniformity and
yield of soybean. Another objective of this research addressed the yield potential of various
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plant populations that are being recommended to maximize yield and economic returns. It shows
the potential effect that stand loss and timing of loss can have on yield at various plant
populations in the Hills and Delta region in Mississippi. These experiments were designed to
identify how soybean can compensate for plant loss at different early vegetative growth stages
and also mimic the effect of early season insect infestations that reduce plant density.
Additionally these data will provide producers with information to make more informed
decisions on whether or not replanting is required from early season plant loss from disease or
insects at two vegetative growth stages. Lastly, this research addresses interactions between
fungicide, fungicide + insecticide seed treatments, and untreated soybean seed at different plant
populations at two different planting dates. This research identifies the importance of utilization
of seed treatments and timely planting across various plant populations, in regards, to yield
potential in Mississippi soybean production systems. The objectives of these studies:
I.

Identify alternatives to neonicotinoid seed treatments in Mid-South soybean
[Glycine max (L.) Merrill] production systems.

II.

Identify effects of plant population, seed treatments, and planting date on
maximizing soybean [Glycine max (L.) Merrill] growth, development, and yield.

III.

Identify effect of stand loss on soybean [Glycine max (L.) Merrill] yield at
different timings and plant populations in Mid-South soybean production systems.

IV.

Identify impacts of planter type and plant populations on stand uniformity and
yield of soybean [Glycine max (L.) Merrill].
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CHAPTER II
EVALUATION OF ALTERNATIVES TO SEED TREATMETNS IN MID-SOUTH
SOYBEAN [GLYCINE MAX (L.) MERRILL]
Abstract
Several neonicotinoid insecticide seed treatments are currently labeled for soybean,
Glycine max L., and have been widely adopted in the mid-southern United States. Multiple
insect species make up the early season pest complex of seedling soybean in the Mid-South.
Experiments were conducted to identify alternative insecticides that could be used in place of
neonicotinoid seed treatments for early season integrated pest management in Mid-South
soybean production. Insecticide treatments were analyzed from five site years in Mississippi
during 2016 and 2017. The treatments included various at–planting insecticides that were
applied as seed treatments, in-furrow sprays, or foliar sprays. A complex of multiple insect
species at subthreshold levels was present throughout the seedling stage, however, the most
prevalent was pea leaf weevil, Sitoma lineatus (L.) in 2016 and 2017 at Stoneville, MS. No
significant differences were observed for soybean yields across treatments compared to the
fungicide only treated seed. There were no significant differences in damage ratings, vigor
ratings, or stand counts among any treatments compared to the fungicide only treated seed.
Soybean plots treated with lambda-cyhalothrin at the V3 (3rd trifoliate) growth stage had taller
plants at the R2 (full bloom) growth stage than other treatments. Previous research has shown
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variable results in terms of yield benefits from at-planting insecticides in soybean. No yield
benefits were observed in this study.
Introduction
Neonicotinoid insecticides have been considered one of the most popular and widely
utilized classes for controlling insect pests in row crop production systems worldwide (Jeschke et
al. 2011). Of the nitroguanidine group of neonicotinoid insecticides: clothianidin, imidacloprid,
and thiamethoxam are the most popular applied by row crop producers in the United States
(Mitchell 2014). Extensive utilization of neonicotinoids has been encouraged due to the
flexibility of application methods and their novel mode of action against several economically
important insect pests (Elbert et al. 2008, Jeschke and Nauen 2008, Jeschke et al. 2011). They
are relatively safe due to their low mammalian toxicity and the U.S. Environmental Protection
Agency (EPA) has referred to several neonicotinoids as alternatives to organophosphates since
2001 (EPA 2016). Neonicotinoid use exceeds other insecticide classes in the U.S. primarily as
seed treatments in corn, cotton, rice, sorghum, soybean, and wheat (Mitchell 2014, Hurley and
Mitchell 2016). Throughout the Mid-South, neonicotinoids are primarily used as seed treatments
on >90% of corn (Haire 2014), 100% of cotton (North et al. 2016), and >80% of soybean
(Musser et al. 2017). The Mid-South region consists of Arkansas, Louisiana, Mississippi,
western Tennessee, and extreme southeast Missouri (North et al. 2016). Multiple experiments
have determined that they provide significant yield and profit increases when utilized as a seed
treatment (Elbert et al. 2008, Jeschke et al. 2011, North et al. 2016, Hurley and Mitchell 2017,
North et al. 2018a, North et al. 2018b).
The Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA) requires the U.S.
Environmental Protection Agency (EPA) to evaluate risks and benefits when making pesticide
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registration decisions (FIFRA 2016). The EPA is currently reviewing risk assessments for
neonicotinoid active ingredients including: clothianidain, dinotefuran, imidacloprid, and
thiamethoxam (EPA 2017). Imidacloprid (Gaucho 600, Bayer CropScience, Research Triangle
Park, NC) and thiamethoxam (Cruiser 5FS, Syngenta Crop Protection, Greensboro, NC) are the
primary neonicotinoids used as seed treatments in soybean. Imidacloprid is applied at 0.0747 to
0.2336 mg ai per seed (Anonymous 2015a). Thiamethoxam is typically applied at 0.0756 to
0.1512 mg ai per seed (Anonymous 2015b). Recent experiments have shown that these
insecticides provide similar levels of yield protection in soybean (North et al. 2016).
Neonicotinoids are systemic insecticides that have recently come under public and
scientific scrutiny for their potential contribution to the decline in pollinator populations. The
recent decline in honey bee, Apis mellifera (L.), populations is often described as colony collapse
disorder (USDA-ARS 2012). Colony collapse disorder is characterized by the sudden decrease
of adult bees from the colony and has been attributed to numerous factors (Kaplan 2012).
Mortality factors associated with diminishing populations include Nosema spp., viral pathogens,
varroa mite, Varroa destructor (Anderson and Trueman), tracheal mite, Acaris spp., small hive
beetle, Aethina tumida (Murray), and inadequate food supplies (Stewart et al. 2014). Several
studies suggest that neonicotinoid use is related to environmental contamination and decline of
pollinators leading to a potential ban of neonicotinoids in certain countries (Krupke et al. 2012,
Yang et al. 2008, Hopwood et al. 2012, Hardstone and Scott 2010, EPA 2014). When used as a
seed treatment, most of the neonicotinoid active ingredient is not absorbed in plant tissue and a
small amount (<2%) can be lost as dust particles at planting (Tapparo et al. 2012). The
neonicotinoid coated particles can drift to nearby foraging sites potentially leading to direct
mortality of honey bees (Marzaro et al. 2011, Tapparo et al. 2012). Also, some studies suggest
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that mortality can result from direct contact of honey bees foraging on pollen from soybean,
cotton, and occasionally corn where neonicotinoids were used as seed treatments (Keller et al.
2005).
Neonicotinoids target a broad spectrum of insects, especially early season insects (Baur et
al. 2000) including bean leaf beetle, Ceratoma trifurcata (Fӧrster); white grubs, Phyllophaga and
Cyclocephala species; wireworms, Melanotus spp., Limonius spp., and Agiotes mancus (Say);
lesser cornstalk borer, Elasmopalpus lignosellus (Zeller); threecornered alfalfa hopper,
Spissistilus festinus (Say); grape colaspis, Colaspis brunnea (F.); pea leaf weevil, Sitoma lineatus
(L.); and multiple species of thrips (Davis et al. 2009, Davis et al. 2010). Primary thrips species
throughout the Mid-South include Frankliniella fusca (Hinds), Frankliniella. occidentalis
(Pergande), F. tritici (Fitch), and Neohydatothrips (Sericothrips) variabilis (Beach) (Irwin et al.
1979, Chamberlin et al. 1992, Davis et al. 2009, Davis et al. 2010). Neonicotinoid seed
treatments are currently used on >80% of soybean planted in the Mid-South region (Musser et al.
2017). Infestations of soybean pests during the seedling stage can reduce plant densities and
vigor, ultimately reducing yield potential. Because of their systemic nature, neonicotinoid
insecticides applied as seed treatments are effective against both above and below ground pests
(Maienfisch et al. 2001). The usage of neonicotinoids as seed treatments has been suggested as a
threat to integrated pest management (IPM), because they are applied in a preventative manner
rather than based on action thresholds (Metcalf and Luckmann 1994). However, many MidSouth soybean producers experience more uniform plant emergence, increased stand
establishment, less risk, and greater yields where neonicotinoids are used as seed treatments,
because rescue treatments are not available for several pest species in seedling soybean. North et
al. (2016) observed a 135.0 kg ha-1 yield advantage and a $33 ha-1 increase in revenues where a
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neonicotinoid seed treatment was utilized compared to a fungicide only seed treatment
throughout 170 trials in the Mid-South. Management of a complex of multiple insect species
that can occur at subthreshold levels and the difficulty to predict pest outbreaks are the primary
reasons for the high adoption rate of at planting insecticides in the Mid-South. As a result,
neonicotinoid treated soybean seed is utilized across the region for soybean integrated pest
management.
Experiments have been conducted on the utility of neonicotinoid seed treatments in
soybean, but there is minimal published data on alternative at-planting insecticides in soybean in
the Mid-South. Therefore, an experiment was conducted in Mississippi to determine effective,
alternate at planting insecticides compared to neonicotinoid seed treatments.
Materials and Methods
Experiments were conducted in 2016 and 2017 to identify at planting insecticides for
alternatives to neonicotinoid insecticide seed treatments. Soybean seed (Maturity Group IV,
ASGROW® 4835, Monsanto Company, St. Louis, MO) were planted 9 May 2016 and 26 April
2017 at the R.R. Foil Plant Science Research Center in Starkville, MS at a plant population of
308,750 seed ha-1 and 7 May 2016, 20 April and 9 May 2017 at the Delta Research and
Extension Center in Stoneville, MS at a plant population of 308,750 seed ha-1. Plots were
planted as a randomized complete block design with four blocks (replications) at each location.
Plots were four rows by 12.2 to 15.2 m long and rows were 96.5 to 101.6 cm apart. Furrow
irrigation was utilized at all locations in Stoneville to maximize yield potential. Plots across all
locations were maintained weed free throughout the growing season by using pre-emergence
herbicides and hand weeding. Fertilizer was applied based on soil test recommendations at each
location. Insecticides (except during the seedling stage) and harvest aids were applied based on
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Mississippi State University Extension Service recommendations (Anonymous 2014, Catchot et
al. 2014). At-planting insecticide treatments included seed treatments, in-furrow, and foliar
applied insecticides applications compared to soybean seed treated with fungicide alone (Table
2.1). Infurrow applications were made with planter spray rig at 46.77 L ha-1 and 4.82 km h-1
using a flat fan spray nozzle. Foliar applications were made with a tractor mounted sprayer at
93.54 L ha-1 and 8.04 km h-1 using a hollow cone spray nozzle. Treatments with foliar
insecticide applications were triggered at automatic timings based on V1 and/or V3 soybean
growth stages. For the fungicide only, no insecticides were used at planting but were treated the
same as other treatments for disease and pests throughout the growing season. However, all seed
used were treated with the same fungicide standard treatment (ApronMaxx RTA, Syngenta Crop
Protection, Greensboro, NC). ApronMaxx includes mefonoxam applied at 0.0057 mg ai seed-1
and fludioxonil applied at 0.0039 mg ai seed-1 (Anonymous 2018).
Each plot was sampled weekly by visually observing soybean plants for damage and
rating growth vigor. Early season insect injury ratings were recorded on a 0 – 5 scale, where 0
indicated no injury, 1 indicated slight defoliation or crinkled leaves, 2 indicated moderate
defoliation or crinkled leaves, 3 indicated severe defoliation or crinkled leaves, 4 indicated loss
of the apical meristem, and 5 indicated plant death. This consisted of two damage ratings which
were recorded at first trifoliate (V1) and third trifoliate (V3) soybean growth stages. Also,
subjective vigor ratings were taken on a 0 – 10 scale where 10 represented perfect plant health, 0
represented plant death, and 1 through 9 represented different levels of plant growth and
appearance in 10% increments. Soybean plant populations were recorded at the V2 growth stage
using a 4.0 m pipe and counting the number of soybean seedlings in that length and converted to
plants ha-1. Plant heights were recorded at every growth stage from R1 (first flower) until R8
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(physiological maturity) (Fehr et al. 1971) using a 91.44 cm stick. At each growth stage, plant
heights were recorded from five random plants along the two middle rows of each plot. Soybean
were harvested from two middle rows using a small plot combine equipped with weigh system to
measure grain weight and moisture content. Yields were converted to kg per hectare and
adjusted to 13% moisture.
Stand counts, injury ratings, vigor ratings, plant height measurements and yield were
analyzed with a mixed model analysis of variance (PROC GLIMMIX SAS ver. 9.4; SAS
Institute 2018). In analyses of stand counts, damage ratings, vigor ratings and yield; treatment
was considered a fixed effect, and replication and replication nested within site year were
considered random effects. In the analysis of plant height measurements; soybean growth stage
and treatment were considered fixed effect, and replication and replication nested within site year
were considered random effects. Degrees of freedom were calculated using Kenward-Roger
method. Means and standard errors were determined using the PROC MEANS statement.
Means were separated using Fischer’s Protected LSD procedure at the 0.05 level of significance.
Results
Experiments were conducted over five site years in Starkville, MS and Stoneville, MS in
2016 and 2017 to identify alternatives to neonicotinoid seed treatments for early season insect
management in Mississippi soybean. There was no significant difference in plant density
between treatments (F = 1.21; df = 9, 171; P = 0.29) (Table 2.2). Overall, insect pressure was
minimal across all site years, therefore, mean damage ratings were low across each treatment
(Table 2). There were no significant differences in soybean damage ratings among treatments at
V1 (1st trifoliate leaf) (F = 0.64; df = 9, 169; P = 0.76) growth stage or V3 (3rd trifoliate leaf) (F =
0.88; df = 9, 169; P = 0.54) growth stage (Table 2.3). A complex of multiple insect species was
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present at subthreshold levels throughout the seedling stage, however, the most prevalent was
pea leaf weevil, Sitoma lineatus (L.) in 2016 and 2017 at Stoneville, MS. This was identified
from the leaf etching around soybean leaves where feeding was present, but insect counts were
not consistently recorded due to difficulty of scouting and targeting early season soybean
seedling pests.
Also, there was no significant difference in soybean vigor ratings among treatments at the
V1 (F = 0.96; df = 9, 169.2; P = 0.47) growth stage or the V3 (F = 1.35; df = 9, 169; P = 0.21)
growth stage (Table 2.3). There was no significant interaction between treatment and growth
stage (F = 0.17; df = 63, 1370; P = 1.00), however, there was a significant difference in height at
R2 growth stage where λ-cyhalothrin was applied foliar at V3 (F = 3,341.9; df = 7, 1371; P <
0.0001) growth stage (Figure 2.4). There was no significant difference in mean yield of soybean
among treatments (F = 0.88; df = 9, 167; P = 0.54) (Table 2.4).
Discussion
Early season insect pest management in soybean can be challenging throughout the MidSouth due to environmental conditions during seedling growth and insect pest occurrence. The
adoption of the early soybean production system has led to a greater increase of neonicotinoid
seed treatments at planting (North et al. 2016). The early soybean planting window (late MarchApril) to achieve maximum yield is generally associated with wet soils and cooler temperatures.
This prolongs the susceptibility of soybean seedlings to insect pests, with adverse growing
conditions, which can potentially lead to a significant yield decrease in the early-season
production system (Baur et al. 2000).
At planting insecticides included in this experiment did not improve soybean yields
compared to fungicide only treated soybean seed. There were no differences in damage ratings
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comparing treatments to the fungicide only treated soybean seed at V1 and V3 growth stages.
Slight vigor differences from foliar applications could be associated with pea leaf weevil feeding
or thrips feeding which is common in the Mid-South. An automatic application can provide a
potential vigor increase where a potential pest problem could occur. However, thrips are
typically not associated with a yield decrease in early season soybean in the Mid-South.
Reduction in thrips populations have been observed where neonicotinoid seed treatments were
used (Reisig et al. 2012).
Numerous experiments have investigated the impact of at-planting insecticides on
soybean yield in the U.S. These investigations have primarily compared neonicotinoid treated
soybean seed to soybean seed without a neonicotinoid seed treatment. Multiple experiments
have shown that neonicotinoid seed treatments resulted in increased soybean yield potential in
the U.S. (McCornack and Ragsdale 2006, Johnson et al. 2008 and 2009, McCarville et al. 2014).
Similarly, Hurley and Mitchell (2016) investigated the yield response in a survey and showed a
128.0 kg ha-1 increase where neonicotinoid seed treatments were used compared to untreated
soybean seed. North et al. (2016) showed a 132.0 kg ha-1 yield response where a neonicotinoid
seed treatment was used compared to untreated seed over a ten year period. However, this study
showed the variability among years and locations in the response of seed treatments. For
instance, in 2009, 2010, 2011 and 2013, 2014 there was no yield response where a neonicotinoid
seed treatment was used. This is similar to the current experiment which was conducted in 2016
and 2017 where a neonicotinoid seed treatment/at-planting insecticide showed no significant
yield response compared to untreated soybean seed. However, there are multiple experiments
that do not show a yield response where a neonicotinoid seed treatment is used compared to
untreated seed (Cox et al. 2008, Magalhaes et al. 2009, Cox and Cherney 2011, Reisig et al.
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2012, Seagraves and Lundgren 2012). Cox et al. (2008) and Cox and Cherney (2011) showed
that there was not a yield response where insecticide seed treatments were used compared to
soybean seed not treated with an insecticide. Similarly, Reisig et al. (2012) showed that
neonicotinoid seed treatments provided lower thrips numbers after planting; however, showed
minimal to no significant yield increases.
At-planting insecticides included in these experiments showed no significant difference
in mean damage and vigor ratings compared to untreated soybean seed. Also, there were no
significant yield responses among any treatment compared to the untreated soybean seed.
Although, pea leaf weevil damage was visually observed in some experiments, previous research
showed that soybean yield is not reduced when 33-53% defoliation occurred during vegetative
growth stages (Thomas et al. 1974). However, a complex of multiple species at subthreshold
levels below ground infests soybean seedlings. Soil insects are typically the most yield limiting
insect at the soybean seedling growth stage due to adoption of soil conservation programs,
making scouting and action treatment decisions difficult (North et al. 2016). Input costs have
increased significantly with soybean production in the Mid-South, therefore, creating a small
profit margin for producers. As a result, at-planting insecticides have been thoroughly used
across the Mid-South, but do not always demonstrate a benefit on soybean yield.
The primary purpose of this research was to identify alternatives to neonicotinoid seed
treatments in Mid-South soybean production systems. However, all at-planting insecticide
treatments; including neonicotinoid seed treatments, were not significantly different from
untreated soybean seed yields. These experiments contained various ecological conditions
across Stoneville, MS and Starkville, MS where various insect pests are sporadically present in
soybean seedlings. Previously published research has questioned value of at-planting
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insecticides in soybean and showed similar results that stated there was no significant increase in
yield (EPA 2015). Alternatives to neonicotinoid seed treatments showed no yield increase
compared to untreated soybean seed, but producers may elect to use at-planting insecticides for
prophylactic treatments that are commonly used in the Mid-South. However, with exception of
certain field scenarios, neonicotinoid seed treatments/at-planting insecticides provided no benefit
under an early season pest management program with a complex of early season insects present.
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At-planting insecticide application rates and application method/timing for an early season insect pest management
program across Starkville and Stoneville locations.
Treatment/formulation

Common Name

Application Rate

Application Method/Timing

Manufacturer
AMVAC Chemical Corporation, Newport
Beach, CA & Syngenta Crop Protection,
Greensboro, NC

acephate + λcyhalothrin

176.2 g ai/45 kg seed + 0.14
l ha-1

seed treatment + foliar spray at V1 and V3

Capture LFR 1.5F

bifenthrin

0.29 l ha-1

in-furrow

Verimark 1.67SC

cyantraniliprole

0.73 l ha-1

in-furrow

CruiserMaxx

thiamethoxam +
mefenoxam +
fludioxinil

0.0762 mg ai/seed + 0.0039
mg ai/seed + 0.0039 mg
ai/seed

seed treatment

Warrior II® Z 2.08CS

λ-cyhalothrin

0.14 l ha-1

foliar spray at V1

Warrior II® Z 2.08CS

λ-cyhalothrin

0.14 l ha

-1

chlorantraniliprole

1.02 l ha-1

in-furrow

DuPont Chemical, Wilmington, DE

flupyradifurone

0.51 l ha-1

in-furrow

Bayer CropScience, Research Triangle Park,
NC

acephate

176.2 gai/45 kg seed

seed treatment

AMVAC Chemical Corporation, Newport
Beach, CA

mefenoxam +
fludioxinil

0.0039 mg ai/seed + 0.0039
mg ai/seed

seed treatment

Syngenta Crop Protection, Greensboro, NC

Orthene® 97S + Warrior
II® Z 2.08CS

FMC Corporation, Philadelphia, PA
DuPont Chemical, Wilmington, DE

Syngenta Crop Protection, Greensboro, NC

Syngenta Crop Protection, Greensboro, NC

Syngenta Crop Protection, Greensboro, NC

Prevathon® 0.43SC

Sivanto® 200SL

Orthene® 97S

ApronMaxx (fungicide
only)

foliar spray at V3
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Mean (SEM) plant densities of soybean with at-planting insecticides in an early
season insect pest management program across Starkville and Stoneville locations.
Treatment

1,000 plants ha-1

chlorantraniliprole in-Furrow

247 (13.5)a

acephate IST + λ-cyhalothrin foliar at

240 (13.1)a

V1 & V3
λ-cyhalothrin foliar at V3

231 (10.9)a

acephate IST

229 (12.8)a

cyantraniliprole in-Furrow

229 (13.7)a

mefenoxam + fludioxinil

226 (15.3)a

λ-cyhalothrin foliar at V1

225 (14.6)a

thiamethoxam IST

220 (11.8)a

flupyradifurone in-Furrow

217 (17.6)a

bifenthrin in-Furrow

208 (18.9)a

F

1.21

df

9, 171

P>F

0.29

a

Means within a column followed by the same letter are not significantly different according to
Fisher’s Protected LSD (α = 0.05).
b
All seed was treated with mefenoxam + fludioxinil
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Mean (SEM) damage ratings and vigor ratings of soybean with at-planting
insecticides in an early season insect pest management program across Starkville
and Stoneville locations.
Starkville, MS and Stoneville, MS (2014 and 2015)
Damage Rating (0-5)
Treatment

Vigor Rating (0-10)

V1

V3

V1

V3

0.55 (0.17)a

2.20 (0.73)a

8.0 (0.34)a

6.15 (0.70)a

bifenthrin in-Furrow

0.88 (0.23)a

2.58 (0.78)a

7.44 (0.33)a

5.47 (0.73)a

cyantraniliprole in-

0.67 (0.21)a

2.52 (0.78)a

7.75 (0.41)a

5.95 (0.73)a

thiamethoxam IST

0.90 (0.26)a

2.45 (0.68)a

7.50 (0.41)a

5.52 (0.66)a

λ-cyhalothrin foliar at V1

0.72 (0.18)a

2.32 (0.72)a

7.65 (0.27)a

5.72 (0.65)a

λ-cyhalothrin foliar at V3

0.65 (0.17)a

2.20 (0.73)a

8.10 (0.27)a

6.22 (0.72)a

chlorantraniliprole in-

0.72 (0.20)a

2.30 (0.72)a

7.35 (0.29)a

5.65 (0.64)a

flupyradifurone in-Furrow

0.70 (0.21)a

2.35 (0.75)a

7.45 (0.38)a

5.60 (0.70)a

acephate IST

0.77 (0.25)a

2.40 (0.71)a

7.80 (0.37)a

5.72 (0.67)a

mefenoxam + fludioxinil

0.77 (0.16)a

2.50 (0.73)a

7.70 (0.29)a

5.55 (0.66)a

F

0.64

0.88

0.96

1.35

df

9, 169

9, 169

9, 169.2

9, 169

0.76

0.54

0.47

0.21

acephate IST +
λ-cyhalothrin foliar at V1
& V3

Furrow

Furrow

P>F
a

Means within a column followed by the same letter are not significantly different according to
Fisher’s Protected LSD (α = 0.05).
b
All seed was treated with mefenoxam + fludioxinil
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Table 2.4

Mean (SEM) yields of soybean with at-planting insecticides in an early season
insect pest management program across Starkville and Stoneville locations.

Treatment

Yield (kg ha-1)

acephate IST + λ-cyhalothrin foliar at V1 &

3,227 (144.32)a

V3
bifenthrin in-furrow

3,170 (160.38)a

cyantraniliprole in-furrow

3,199 (129.12)a

thiamethoxam IST

3,284 (125.90)a

λ-cyhalothrin foliar at V1

3,119 (144.99)a

λ-cyhalothrin foliar at V3

3,135 (166.69)a

chlorantraniliprole in-furrow

3,162 (152.94)a

flupyradifurone in-furrow

3,227 (144.32)a

acephate IST

3,092 (158.84)a

mefenoxam + fludioxinil

3,289 (139.30)a

F

0.88

df

9, 167

P>F

0.54

a

Means within a column followed by the same letter are not significantly different according to
Fisher’s Protected LSD (α = 0.05).
b
All seed was treated with mefenoxam + fludioxinil
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Figure 2.1

Average plant height across soybean growth stage by each at-planting insecticide
in 2016 and 2017 across locations. Effect of at-planting insect management on
soybean height across selected growth stages.
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CHAPTER III
EFFECT OF PLANT POPULATION, SEED TREATMENT, AND PLANTING DATE ON
MAXIMIZING SOYBEAN [GLYCINE MAX (L.) MERRILL] YIELD
Abstract
Soybean, Glycine max L. Merrill, seed costs have significantly increased in recent years
for soybean producers. Optimal seeding rates, seed treatments, and planting dates are several
factors for maximizing soybean yield potential and profits. Currently, recommended seeding
rates for final plant populations in Mid-South soybean production range from 197,000 to 345,800
seeds ha-1. Planting recommendations to maximize soybean yield potential are based on the
early soybean production system (ESPS), therefore, producers have opted to late-Maturity Group
IV or early-Maturity Group V soybean cultivars from late-March through late-April. Earlier
plantings has also shifted focus to not only controlling late season pests but early season pests, as
well. The increased focus on controlling early season pests for optimal, uniform emergence of
soybean has led to determining the optimal seeding rate and utilization of seed treatments
combinations for maximizing soybean yield within optimal and late planting dates. Timing of
planting date had a significant impact on soybean yields. Yields decreased as seeding rate
increased in several tests, however stabilizing yield somewhat, with a neonicotinoid seed
treatment across the 1st planting dates in four site years. However, among the site years where
there was a seeding rate by planting date interaction on soybean yields, the response of these two
factors were highly variable across the 1st planting date, but yields increased as seeding rate
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increase in the 2nd planting date in four site years. Neonicotinoid seed treatments did not always
provide yield benefits at either planting date, but stabilized yield as seeding rates increased.
Soybean seed was highly variable in yields with either treatment across each site year.
Introduction
Soybean, Glycine max L. Merrill, is the most valuable agronomic commodity for
Mississippi. During 2016, soybean accounted for 825,911 planted ha valued at US$964,752,000
in Mississippi (USDA-NASS 2016). Historically, recommended planting dates in the Mid-South
region of the U.S. were May through late-June and primarily consisted of Maturity Group V, VI,
and VII varieties (Heatherly 1999). The Mid-South region is defined as Arkansas, Louisiana,
Mississippi, western Tennessee, and extreme southeast Missouri (North et al. 2016). Soybean
producers in Mississippi and the surrounding states currently utilize the early soybean production
system (ESPS) which consists of early maturing, indeterminate varieties planted from March to
early-May (Heatherly et al. 1999). Soybean planting usually occurs from early-March to June
(Heatherly et al. 1999). The ESPS is utilized to avoid drought conditions and higher
temperatures during pod and seed development stages, thereby increasing yield potential (Kane
and Grabau 1992, Bowers 1995, Sweeney et al. 1995, Heatherly et al. 1999). Indeterminate
varieties comprise the majority of planted hectares and have a longer flowering period that can
allow for longer stems with more nodes (Bernard 1972). Longer reproductive intervals may
result in better compensation for extreme environmental factors such as drought and heat stress
(Bernard 1972, Hicks et al. 1969, Rode 1979). In 2003; Arkansas, Louisiana, and Mississippi
planted 36% of soybean before 1 May, 28% between 1 May to 31 May, and 36% after 1 June
(Heatherly 2005). Previous research has shown that optimum planting date for maximizing
soybean yields in Mississippi is around 20 April (Bateman 2017). Bateman (2017) showed
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planting after 20 April resulted in decreased yield with an average loss rate of 26.9 kg ha-1 per
day. Planting soybean early also improves weed control due to faster canopy closure, as well as,
aiding insect pest management by decreasing vulnerability to late season defoliators that migrate
into region from more southern locations (Carner et al. 1974, Poston et al. 2007). Planting date
is a primary factor impacting soybean yield potential (Carter and Hartwig 1963, De Bruin and
Pederson 2008, Egli and Cornelius 2009, Hu and Wiatrak 2012, Kane et al. 1997). Later
plantings and emergence can reduce the total length of the vegetative growth period, flowering,
pod set, and affect seed fill in pods (Chen and Wiatrak 2010).
Adoption of insecticide and fungicide seed treatments has increased at soybean planting
within the past decade (Esker and Conley 2012). The increase is due to earlier planted soybean
because they typically experience slow growing conditions due to saturated soils and cooler
temperatures. This shift in early season pest management is due to insect and seedling damage
being significantly magnified under unfavorable conditions at the seedling growth stage (Baur et
al. 2000). The early season insect pest complex of economic importance in soybean includes
bean leaf beetle, Ceratoma trifurcata (Forster); white grubs, Phyllophaga and Cyclocephala
species; wireworms, Melanotus spp., Limonius spp., and Agiotes mancus (Say); lesser cornstalk
borer, Elasmopalpus lignosellus (Zeller); threecornered alfalfa hopper, Spissistilus festinus (Say);
grape colaspis, Colaspis brunnea (F.); pea leaf weevil, Sitoma lineatus (L.); and multiple species
of thrips (Davis et al. 2009, Davis et al. 2010). Primary thrips species throughout the Mid-south
include Frankliniella fusca (Hinds), F. occidentalis (Pergande), F. tritici (Fitch), and
Neohydatothrips (Sericothrips) variabilis (Beach) (Irwin et al. 1979, Chamberlin et al. 1992,
Davis et al. 2009, Davis et al. 2010). Insecticide and fungicide seed treatments are used in the
early soybean production system due to multiple pest complexes making scouting and timely
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treatment decisions difficult (North et al. 2016). North et al. (2016) demonstrated the yield and
economic benefits in soybean where neonicotinoid insecticide seed treatments were used
throughout the Mid-South. Neonicotinoids provide good control of both aboveground and
belowground pests during the early growth stages of soybean. Neonicotinoid insecticides are
effective due to their systemic absorption into plant tissue that can usually provide 14 to 21 days
control (Maienfisch et al. 2001).
Increased seed costs and technology fees for herbicide tolerant cultivars (Rawlinson and
Martin 1998) have led to greater investments at the time of planting (Bradley et al. 2000,
Johnson et al. 2000). Increased costs at planting have resulted in the need for addressing
minimal optimal plant populations for maximum yield and economic returns. Seeding rate
recommendations vary from state to state throughout the Mid-South. For instance, Louisiana
plant population recommendations range from 197,000 to 246,400 plants ha-1 (Johnson 2011).
As plant population decreases, seed yield per plant increases (Carpenter and Board 1997a,
Carpenter and Board 1997b). Several experiments have evaluated various seeding rates to
maximize yield and reduce seed costs for increased net profits. Soybean plant populations from
29,936 to 494,000 plants ha-1 have shown a wide variation in the optimal seeding rate to
maximize yield (Costa et al. 1980, Egli 1988, Leffel and Barber 1961, Lehman and Lambert
1960, Lueschen and Hicks 1977, Parks et al. 1982, and Wells 1991). Yields can vary
significantly depending on year when comparing minimal optimal plant populations from a
single cultivar planted in the same location (Moore and Longer 1987, Wells 1991). Increasing
plant population typically shows an increase in yield until reaching a plateau at higher seeding
rates (Ball et al. 2000a, Ball et al. 2000b, Popp et al. 2004, De Bruin and Pederson 2008a,
Duncan 1986, Edwards and Purcell 2005, Wiggans 1939, Wiley and Heath 1969). Soybean can
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compensate for yield at lower final plant populations due to increased branch development
(Rigsby and Board 2003). Yield compensation at low plant populations compared to high plant
populations is attributed to increased dry matter for each plant (Herbert and Litchfield 1982,
Hicks et al. 1969, Lehman and Lambert 1960, and Lueschen and Hicks 1977). Increased branch
dry matter per plant leads to more branch nodes, branch pods, and branch seeds (Carpenter and
Board 1997a). The increased dry matter is due to spacious low plant populations compensating
from minimal competition and leads to greater yields per plant compared to normal plant
populations (Carpenter and Board 1997a). Final plant stands evenly spaced at 70,000 plants ha-1
(Egli 1988) or as high as 388,000 plants ha-1 (Oplinger and Philbrook 1992) have produced
maximum yields. However, previous experiments have showed 250,000 to 350,000 plants ha-1
are adequate to maximize yield (Beuerlein 1988, Elmore 1991, Elmore 1998, Weber et al. 1966,
and Wiggans 1939). The objectives of this research will address agronomic components of
multiple plant populations and will evaluate interactions with fungicide and insecticide seed
treatments at different planting dates in Mississippi soybean production systems.
Materials and Methods
Experiments were conducted in 2016 and 2017 to identify the effect of plant population,
seed treatment, and planting date on soybean yield. Soybean were planted at six locations, in
both Starkville, MS and Stoneville, MS during 2016 and 2017. An indeterminate glyphosate [N(phosphomethyl) glycine] (Roundup®, Monsanto Company, St. Louis, MO) resistant soybean
maturity group IV cultivar (Asgrow® 4835, Monsanto Co., St. Louis, MO) was planted at all
locations and planting dates. Field experiments were arranged in a randomized complete block
design with a 6 X 3 X 2 factorial arrangement of treatments and replicated four times. Factor A,
B, and C consisted of seeding rate, seed treatment type, and planting date, respectively. The six
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seeding rates were 185,250, 247,000, 308,750, 370,000, 432,250, and 494,000 seeds ha-1. The
three soybean seed treatments included CruiserMaxx (thiamethoxam [0.0762 mg ai per seed],
mefenoxam [0.0057 mg ai per seed], and fludioxonil [0.0039 mg ai per seed]) (Anonymous
2019a); ApronMaxx RTA (mefenoxam [0.0057 mg ai per seed] and fludioxonil [0.0039 mg ai
per seed]) (Anonymous 2019b); and untreated seed. The two target planting dates included the
third to fourth week in April and the fourth week of May to first week of June. Planting dates
did not always represent target dates due to field conditions that restricted timely planting.
Soybean were planted at the R. R. Foil Experiment station in Starkville, MS to represent the Hill
region and at the Delta Research and Extension Center in Stoneville, MS to represent the Delta
region. Two experiments were planted in Starkville, MS during 2016 and 2017. In 2016,
soybean were planted on 15 May and the second planting date was planted on 10 June. In 2017,
soybean were planted on 26 April and the second planting date was planted on 18 May. Plot
sizes in Starkville, MS were four rows by 12.2 meters and planted on 96.5 cm centers. Four
experiments were planted in Stoneville, MS during 2016 and 2017. In 2016, soybean was
planted on 12 May and the second planting date was planted on 22 June. Also, soybean were
also planted on 9 June and the second planting date were planted on 24 June. Plot sizes in
Stoneville, MS were four rows by 12.2 meters and planted on 101.6 cm centers.
Soybean were harvested from two middle rows of each plot using a small plot combine
equipped with weigh system to measure grain weight and moisture content. Yields were
converted to kg ha-1 and adjusted to 13% moisture.
Data for yields were analyzed with analysis of variance (PROC GLIMMIX, SAS ver. 9.4,
SAS Institute; Cary, NC) to determine the impact of seeding rate, at planting seed treatment, and
planting date on soybean yields. In the initial analysis, seeding rate, seed treatment, planting
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date, and all interactions were considered fixed effects. Test, replication nested in test,
replication by seeding rate nested in test, and replication by seeding rate by seed treatment nested
in test were random. Degrees of freedom were calculated using the Kenward-Roger method.
Means and standard errors were determined using PROC MEANS statement. In the initial
analysis, planting date was the only significant main effect for soybean yield (Table 5.1), so a
separate analysis was conducted where site year (year*location) was included as a fixed effect in
the model. In that analysis, there was a significant site year by seed treatment by planting date
interaction and a site year by seeding rate by seed treatment interaction (Table 5.2). Because of
those interactions and the variability in responses across site years, a final analysis was done by
site year. In these analyses, planting date, seeding rate, and seed treatment were considered fixed
effects and replication was considered a random effect. Degrees of freedom were calculated
using the Kenward-Roger method. Means and standard error were determined using the PROC
MEANS statement. Soybean yields were analyzed with regression analysis (PROC GLM, SAS
ver. 9.4, SAS Institute; Cary, NC) where seeding rate was a significant effect or where other
factors interacted with seeding rate. Both linear and quadratic relationships were tested to
determine the best fit of the model.
Results
Delta 1 Location 2016
Planting date was the only effect that was significant for yield of soybean (Table 5.3).
Soybean at the first planting date (12 May) (2,678±30.8 kg ha-1) yielded significantly higher than
soybean planted at the second planting date (22 June) (2,283±31.3 kg ha-1).
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Delta 2 Location 2016
There was a significant seeding rate by planting date interaction for soybean yields
(Table 5.3). At the first planting date (21 May), seeding rate had a negative linear relationship
with soybean yield. As seeding rate increased, soybean yield decreased (Figure 5.1). Also, there
was a positive quadratic relationship between seeding rate and soybean yield at the second
planting date (10 June). Soybean yield increased until seeding rate exceeded 432,250k plants ha1

, after which then decreased as plant populations increased. The interaction between planting

date and seed treatment was also significant for soybean yields (Table 5.3).
Hills Location 2016
The main effects for planting date and seed treatment were significant for soybean yield
(Table 5.3). Soybean planted at the first planting date (15 May) (3,107±22.5 kg ha-1) yielded
significantly higher than soybeans at the second planting date (10 June) (1,697±27.1 kg ha-1).
The CruiserMaxx seed treatment (3,099±50.7 kg ha-1) resulted in greater soybean yields than
using untreated seed (2,936±45.1 kg ha-1), but not the fungicide only treatment (3,004±51.5 kg
ha-1).
Delta 1 Location 2017
There were no significant interactions between planting date, seed treatment, and seeding
rate (Table 5.3). There were significant differences observed among planting dates and seed
treatments. Soybean planted at the first planting date (9 June) (3,268±27.5 kg ha-1) yielded
significantly higher than soybeans at the second planting date (24 June) (2,776±37.5 kg ha-1).
Soybean with CruiserMaxx seed treatment (3,214±68.9 kg ha-1) resulted in greater soybean
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yields the untreated seed (3,075±76.3 kg ha-1) and the fungicide only treated seed (3,092±82.8 kg
ha-1).
Delta 2 Location 2017
There was a significant interaction between seeding rate and planting date (Table 5.3).
At the first planting date (9 May), there was a negative linear relationship between seeding rate
and soybean yields. As seeding rate increased, soybean yields decreased (Figure 5.2). Also,
there was a significant quadratic relationship between seeding rate soybean yields at the second
planting date (30 May). Soybean yield increased until seeding rates exceeded 308,750 plants ha-1
but declined at higher seeding rates (Table 5.4).
Hills Location 2017
There was an interaction between seed treatment and planting date for soybean yields
(Table 5.3). Planting soybean seed treated with fungicide only on 26 April resulted in higher
yield compared to all other planting date-seed treatment combinations, except planting untreated
seed on 26 April (Table 5.6). Plots planted on 26 April with Fungicide and CruiserMaxx seed
treatments produced greater yields compared to plots planted on 18 May, regardless of seed
treatment (Table 5.6). Seeding rate was had a significant effect on soybean yields (Table 5.3).
The three highest seeding rates (370,500; 432,250; and 494,000 plants ha-1) resulted in greater
soybean yields than the two lowest seeding rates (185,250 and 247,000 plants ha-1) (Table 5.5).
Additionally, soybeans planted at the two highest seeding rates resulted in significantly greater
yields than soybeans planted at 308,750 plant ha-1.
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Discussion
Seeding rate affects final plant populations which correspond to grain yields (Lee et al.
2008). Because of increased costs of seed, growers have increased their management for early
season insect pests, disease, and weeds to protect their investment. Soybean seed is commonly
treated with neonicotinoid insecticides for better stand establishment, increased seedling growth,
and greater yields (North et al. 2016). Common active ingredients for insecticide seed treatments
on soybean include imidacloprid (Gaucho 600, Bayer CropScience, Research Triangle Park, NC)
and thiamethoxam (Cruiser 5FS, Syngenta Crop Protection, Greensboro, NC) (EPA 2017). Also,
increasing seeding rates has been proposed as an option to replace seed treatments and
compensate for seedling loss from early season damage of insects/disease. Neonicotinoid
insecticide seed treatments were originally adopted for earlier plantings to preserve yield
potential by eliminating early season insect stress in cool environments when plant growth was
slow. (Carner et al. 1974, Poston et al. 2007). Planting dates can range from late-March to earlyJune in Mississippi, therefore, it is important to know yield potential at various planting dates.
Results from this study showed the variation of early season management decisions, regarding,
optimal plant populations, neonicotinoid seed treatments, and planting dates.
Previous studies have shown that yield potential was maximized across a wide range of
seeding rates. Elgli et al. (2008) suggested that optimum seeding rates to acquire maximum
yield of soybean were 108,000 to 232,000 seeds ha-1 at normal planting dates. In contrast, other
studies have shown that optimum seeding rates to maximize soybean yield was 300,000 to
516,000 seeds ha-1 (Herbek and Bitzer 1988, Christmas 1993, Flinchum 2001, Heatherly and
Elmore 2004, and Beuerlein and Dorrance 2005).
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Across all tests, soybean planted at the earlier date yielded significantly higher than the
later planting date. In two tests, at the early planting date, soybean yield was maximized at the
low seeding rate. Soybean yield decline as seeding rate increased. Across the later planting
date, yield increased as seeding rate increased but declined at the higher seeding rates. However,
only one test showed a significant yield increase at the highest seeding rate across the later
planting date. Yield was penalized at the lower seeding rates compared to the higher seeding
rates. Across the early planting dates, yields were reduced where CruiserMaxx treated soybean
seed was used compared to the fungicide only but not the untreated seed. However, at the later
planting date, there was no difference in soybean yields across either seed treatment.
Neonicotinoid seed treatments were observed to increase mean yield of soybean in three
of the six site years and interacted with planting date in one test. Similarly, previous studies
have shown higher soybean yields at low seeding rates (Lee et al. 2008, DeBruin and Pederson
2008a). However, yields benefited across all seed treatments with increased seeding rates in one
site year at the first planting date. Similarly, this follows other previous studies that showed
higher yields where seeding rates were increased (Oplinger and Philbrook 1992, Devlin et al.
1995, Bertram and Pederson 2004, Edwards and Purcell 2005, De Bruin and Pederson 2008b).
Higher seeding rates seem to benefit yield of soybean at times, at the late planting date.
Similarly, Lee et al. (2008) showed increased yields when higher plant populations were
achieved. This increase in yield can be attributed to more plants offsetting smaller plants often
associated with later planted soybean seed (Egli and Bruening 2000, Heatherly and Elmore
2004).
Soybean planting occurs between early-March to June (Heatherly et al. 1999). Yields are
maximized when soybean is planted from late-March to early-April with late-Maturity Group IV
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or early-Maturity Group V cultivars (Heatherly 2005). The first planting dates yielded
significantly higher than the later planting dates across all site years. This is similar to previous
research that planting date is a primary factor when maximizing yield of soybean (Cartter and
Hartwig 1963, De Bruin and Pederson 2008a, Egli and Cornelius 2009, Hu and Wiatrak 2012,
Kane et al. 1997). Similarly, Bateman (2017), showed a 26.88 kg ha-1 decrease for every day
delayed planting after 20 April.
Recently, soybean producers have opted to utilize lower seeding rates due to increased
seed costs without sacrificing yield (Cox et al. 2010). Also, previous data has showed a 134.4 kg
ha-1 increase where a neonicotinoid seed treatment was used compared to fungicide only treated
soybean (North et al. 2016). In this study, yields were penalized for using CruiserMaxx treated
seed at the early planting date. This could be related to increased seed vigor and emergence
which increases seed counts. Two trials showed that at the early planting date, as seeding rate
increased, yield decreased. This could potentially prove that the increased plant emergence from
the neonicotinoid seed treatment penalized yield of soybean. However, there was no difference
in seed treatments at the later planting dates, but increased seeding rates showed benefits to
soybean yields. These studies combined with previous studies cited prior showed that responses
of soybean at different seeding rates and seed treatments can be highly variable and
unpredictable depending on environment. In most situations however, soybean profits can be
maximized at low seeding rates due to increased seed costs. Even if yields were greater at the
high seeding rates, it is not economically feasible due to costs of seed. However, this study
showed as previous studies, that planting early can significantly increase soybean yields. Later
planting dates did benefit from increased seeding rates at times which is similar to previous
research. Currently, the reasons for a wide range of yield responses to seeding rates and different
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seed treatments are not understood and more research is needed. The results of this experiment
show that planting in the range of recommended planting dates will maximize yield potential and
that higher seeding rates can provide significant risk of economic losses. Low seeding rates can
potentially maximize soybean yield at optimal planting dates but it may be beneficial to increase
seeding rate at later planting dates. Also, using low seeding rates with a neonicotinoid seed
treatment to improve seedling emergence could potentially result in maximum yields and net
returns for soybean producers. However, with the high variability of seeding rates and seed
treatments regarding soybean yield, growers should continue to plant soybean at the optimum
seeding rates and use at-planting insecticide and fungicide treatments to minimize seedling insect
and disease outbreaks.
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Results of the analysis of variance evaluating the impact of seeding rate, seed
treatment, and planting date on soybean yields across 6 site years in Mississippi in
2016 and 2017.
Effect

F

df

P

Seeding Rate

0.63

5, 819

0.68

Seed Treatment

1.26

2, 819

0.28

Seeding Rate*Seed Treatment

0.30

10, 819

0.98

798.96

1, 819

< 0.01

Seeding Rate*Planting Date

1.35

5, 819

0.24

Seed Treatment*Planting Date

0.56

2, 819

0.57

Seeding Rate*Seed Treatment*Planting Date

0.25

10, 819

0.99

Planting Date
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Table 3.2

Results of the analysis of variance evaluating the impact of site year, seeding rate,
seed treatment, and planting date on soybean yields in Mississippi in 2016 and
2017.

Effect

F

df

P

633.90

2, 1

0.02

Seeding Rate

2.13

5, 30

0.08

Test*Seeding Rate

2.17

25, 342

0.01

Seed Treatment

5.26

2, 610

0.01

Test*Seed Treatment

1.47

10, 610

0.14

Seeding Rate*Seed Treatment

1.22

10, 610

0.27

Test*Seeding Rate*Seed Treatment

1.06

50, 610

0.36

3,267.17

1, 610

< 0.01

124.74

5, 610

< 0.01

Seeding Rate*Planting Date

5.52

5, 610

< 0.01

Test*Seeding Rate*Planting Date

1.99

25, 610

0.01

Seed Treatment*Planting Date

2.22

2, 610

0.10

Test*Seed Treatment*Planting Date

1.86

10, 610

0.04

Seeding Rate*Seed Treatment*Planting Date

1.02

10, 610

0.42

Test*Seeding Rate*Seed Treatment*Planting Date

0.80

50, 610

0.83

Test

Planting Date
Test*Planting Date
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Table 3.3

Analysis of variance for the impact of seed rate, stand loss timing, and stand loss
percentage on soybean yields in Mississippi in 2016 and 2017 when analyzed by
site year.

Site Year

Location

Year

1

Delta 1

2016

2

3

4

5

6

Delta 2

Hills

Delta 1

Delta 2

Hills

Effect
Planting Date
Seeding Rate
Seeding Rate*Planting Date
Seed Treatment
Seed Treatment*Planting Date
Seeding Rate*Seed Treatment
Seeding Rate*Seed Treatment*Planting Date

F
95.39
0.98
1.14
0.08
0.19
1.02
0.43

df
1, 54
5, 54
5, 54
2, 54
2, 54
10, 54
10, 54

P
<0.01
0.43
0.34
0.92
0.82
0.44
0.92

2016

Planting Date
Seeding Rate
Seeding Rate*Planting Date
Seed Treatment
Seed Treatment*Planting Date
Seeding Rate*Seed Treatment
Seeding Rate*Seed Treatment*Planting Date

2,835.64
1.73
17.77
6.07
8.95
0.42
1.05

1, 103
5, 103
5, 103
2, 103
2, 103
10, 103
10, 103

<0.01
0.13
<0.01
0.01
0.01
0.93
0.41

2016

Planting Date
Seeding Rate
Seeding Rate*Planting Date
Seed Treatment
Seed Treatment*Planting Date
Seeding Rate*Seed Treatment
Seeding Rate*Seed Treatment*Planting Date

151.21
0.36
0.51
4.06
0.03
1.19
0.82

1, 108
5, 108
5, 108
2, 108
2, 108
10, 108
10, 108

<0.01
0.87
0.76
0.01
0.97
0.30
0.61

2017

Planting Date
Seeding Rate
Seeding Rate*Planting Date
Seed Treatment
Seed Treatment*Planting Date
Seeding Rate*Seed Treatment
Seeding Rate*Seed Treatment*Planting Date

432.00
1.72
1.61
3.94
1.88
1.04
1.53

1, 54
5, 54
5, 54
2, 54
2, 54
10, 54
10, 54

<0.01
0.14
0.17
0.03
0.16
0.42
0.15

2017

Planting Date
Seeding Rate
Seeding Rate*Planting Date
Seed Treatment
Seed Treatment*Planting Date
Seeding Rate*Seed Treatment
Seeding Rate*Seed Treatment*Planting Date

665.20
2.16
2.75
0.11
2.06
0.95
0.58

1, 105
5, 105
5, 105
2, 105
2, 105
10, 105
10, 105

<0.01
0.06
0.02
0.89
0.13
0.49
0.82

2017

Planting Date
Seeding Rate
Seeding Rate*Planting Date
Seed Treatment
Seed Treatment*Planting Date
Seeding Rate*Seed Treatment
Seeding Rate*Seed Treatment*Planting Date

1,215.15
6.44
1.74
0.70
3.14
1.35
0.92

1, 105
5, 105
5, 105
2, 105
2, 105
10, 105
10, 105

<0.01
<0.01
0.13
0.50
0.04
0.21
0.52
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Mean yields (SEM) of soybean planted at the first planting date compared to the
second planting date in Delta 2 location 2017.
Yield ( Kg ha-1)

Treatment
1st Planting Date

3,871 a (31.5)

2nd Planting Date

2951 b (26.2)

P>F

<0.01

Means within a column and treatment followed by the same letter are not significantly different,
P < 0.05.
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Mean yields (SEM) of soybean planted at the first planting date compared to the
second planting date in Hills location 2017.
Seeding Rate ha-1

Yield ( Kg ha-1)

185,250

2,268 c (166.1)

247,000

2,346 c (143.4)

308,750

2,369 bc (156.1)

370,500

2,493 ab (153.0)

432,250

2,589 a (181.0)

494,000

2,567 a (166.9)

P>F

<0.01

Means within a column and treatment followed by the same letter are not significantly different,
P < 0.05.
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Table 3.6

Mean yields (SEM) of soybean treated with cruiser, fungicide only, and untreated
seed treatment planted at the first planting date compared to the second planting
date in Hills location 2017.
Yield ( Kg ha-1)

Treatment (Planting Date)
Fungicide only (1)

3,239 a (69.3)

Untreated (1)

3,174 ab (65.9)

Cruiser (1)

3,089 b (84.7)

Cruiser (2)

1,780 c (32.0)

Fungicide only (2)

1,702 c (37.7)

Untreated (2)

1,648 c (45.8)

P>F

<0.01

Means within a column and treatment followed by the same letter are not significantly different,
P < 0.05
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Impact of the interaction between seeding rate, seed treatment and planting date on
soybean yields at Stoneville, MS in 2016 ( Delta 2 2016)
PD 1 (21 May) y = -2.02x + 3436.1; P < 0.01
PD 2 (10 June) y = -0.021x2 + 9.52x + 764.6; P < 0.03
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Impact of the interaction between seeding rate, seed treatment and planting date on
soybean yields at Stoneville, MS in 2016 ( Delta 2 2017)
PD 1 (9 May) y = -2.13x + 4217.9; P < 0.01
PD 2 (30 May) y = -0.021x2 + 7.17x + 2408.0; P < 0.05
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CHAPTER IV
EFFECT OF STAND LOSS ON SOYBEAN, [GLYCINE MAX (L.) MERRILL] YIELD
Abstract
Soybean, Glycine max L. Merrill, production in the Mid-South of the United States has
shifted to the early soybean production system (ESPS) which has resulted in greater yields and
profits over the last decade. Earlier plantings have increased the risk of experiencing suboptimal
plant populations from multiple factors leading to reduced yield potential. These factors can
include saturated soils, cooler temperatures, and early season insects which can lead to slow
seedling growth and reduced plant populations. Different herbicide tolerance traits were used to
simulate different levels of stand loss from insect pests in soybean. Timing of the stand loss had
little impact on final soybean yields. Stand loss timing had an impact at one location where stand
loss at V1-V2 had a greater impact on soybean yields than stand loss at V3-V4. Yields decreased
as seeding rate increased with no stand loss in two site years, increased in one site year, and did
not change in the other three site years. This suggests that there may have been significant risk
from increasing the seeding rate if stand loss did not occur. Among the site years where there was
a seeding rate by percent loss interaction for soybean yields, the response to these two factors was
highly variable. In general, the 40% stand loss treatment resulted in lower soybean yields at the
lower seeding rates compared to the no stand loss treatment. Additionally, the impact of 40%
stand loss became less important at the higher seeding rates. For the 20% stand loss, soybean
yields decreased at the higher seeding rates relative to the lower seeding rates at one location and
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remained relatively stable at one location. In contrast, soybean yields were improved by 20%
stand loss at the higher seeding rates for two of the locations.
Introduction
Mississippi producers have adopted the early season soybean, Glycine max (L.) Merrill,
production system (ESPS) where early maturing indeterminate soybean varieties are planted
from March through early May (Heatherly 1999). The ESPS is utilized to minimize exposure to
drought and extreme temperatures during pod development stages and minimize insect
infestations later in the growing season (Kane and Grabau 1992, Bowers 1995, Sweeney et al.
1995, Heatherly 1999). The cost of soybean seed has increased from around $27 ha-1 in 1996 to
$80 ha-1 in 2005 with the introduction of glyphosate-resistant (Roundup Ready®, Monsanto
Company, St. Louis, MO) cultivars (USDA-NASS 2007, Lee et al. 2008). Glyphosate [N(phosphonylmethyl)-glycine] herbicide controls a wide range of weed species, usually without
injury or phytotoxicity to glyphosate-resistant cultivars (Nelson and Renner 1999). However,
technology fees and increased weed management costs to control herbicide resistant weeds
(Bradley et al. 2000, Johnson et al. 2000) have led to greater investments at the time of planting.
This has resulted in the adoption of neonicotinoid insecticide plus fungicide seed treatments to
help minimize the risk of stand loss and replanting due to seedling disease or early season insect
pests (North et al. 2016).
Insect damage to soybean during the seedling growth stages is magnified and more
detrimental to yield potential at early planting dates due to delayed growth from cooler
temperatures (Baur et al. 2000). The early season pest complex that can reduce plant populations
in soybean includes white grubs, Phyllophaga and Cyclocephala species; wireworms, Melanotus
spp., Limonius spp., and Agiotes mancus (Say); lesser cornstalk borer, Elasmopalpus lignosellus
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(Zeller); three-cornered alfalfa hopper, Spissistilus festinus (Say); and pea leaf weevil, Sitoma
lineatus (L.) (Davis et al. 2009, Davis et al. 2010).
North et al. (2016) showed a 135 kg ha-1 response where a neonicotinoid insecticide seed
treatment was used compared to fungicide only seed treatments in the Mid-South. Seed
treatments can also minimize early season soybean disease pressure which is often related to wet,
cool soils associated with the ESPS. This is often observed at earlier plantings including the
mid-April planting window that is correlated with maximum yield potential (Heatherly 2005a,
Heatherly 2005b). Early season pathogens that may cause disease include Phytophthora,
Rhizoctonia, Pythium, and Fusarium spp. (Coker et al. 1998, Kirkpatrick et al. 2006, Hartman
and Hill 2010, Allen 2012, Faske 2015). Insecticide plus fungicide seed treatments provide
effective management of early season insect and seedling disease outbreaks resulting in plant
populations an average of 20% greater than non-treated seed (Gaspar et al. 2014). Insect and
disease infestations are important factors that often decrease final plant stands (Murillo-Williams
and Pederson 2008). However, other factors can influence plant stand including dry soils that
cause the seed to imbibe water, but not fully germinate (Helms et al. 1996), heavy rains resulting
in soil crusting (Johnson and Wax 1979), and low vigor seed (Johnson and Wax 1979). Multiple
factors can impact the establishment of a final plant population from targeted seeding rates. This
makes scouting and timely replant decisions due to stand loss difficult.
Many producers have opted to utilize higher seeding rates to achieve optimal harvestable
plant populations, especially in less than optimal planting environments (Cox et al. 2010).
Various planting densities have been shown to have minimal effect on soybean yield (Robinson
and Conley 2007, Lee et al. 2008). The primary goal of a soybean producer is to obtain the
minimum plant population while maximizing soybean yield when determining seeding rates
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(Board et al. 2013). Determining a seeding rate has become more important due to increased
seed costs, with an average current U.S. cost of $150.72 ha-1 (ASA 2017).
Neonicotinoid seed treatments have enhanced soybean yield throughout the Mid-South
but have also added to the upfront overall cost of seed at planting (North et al. 2016).
Neonicotinoids are also under public scrutiny due to pollinator health issues and potential loss of
registration in the future. Increasing plant populations may be a viable alternative to avoid
complications from early season soybean stand loss in the absence of neonicotinoid seed
treatments. Many experiments have been conducted on neonicotinoid seed treatments and
various soybean plant populations, however, there is a shortage of data that addresses the
influence of stand loss from insect pests on yield at various plant populations. Therefore, an
experiment was conducted in Mississippi to quantify how soybean plant populations can
compensate for stand loss at different early season growth stages. Also, this study assessed the
profitability of various seeding rates to provide producers with data to determine replant decision
options early in the growing season in order to maximize soybean yield.
Materials and Methods
An experiment was conducted in 2016 and 2017 to identify how soybean plant
populations can compensate for stand loss from simulated insect damage during the early
vegetative growth stages. Soybean were planted at one location in Starkville and at two
locations in Stoneville in 2016 and 2017 for a total of six site years. Soybean were planted at the
R. R. Foil Experiment station in Starkville, MS to represent the Hill region and at the Delta
Research and Extension Center in Stoneville, MS to represent the Delta region. The planting
dates in Starkville were 9 May in 2016 and 26 April in 2017. The planting dates in Stoneville
were 26 April and 4 May in 2016 and 8 May across both tests in 2017. Plot sizes in Starkville,
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MS were four rows by 12.2 meters and planted on 96.5 cm centers. Plot sizes in Stoneville, MS
were four rows by 12.2 meters and planted on 101.6 cm centers.
Furrow irrigation was utilized for all tests in Stoneville, MS. The plots in Starkville were
not irrigated. Plots across all locations were maintained weed free throughout the entire growing
season using pre-emergence and post-emergence herbicides and hand weeding. Fertilizer
applications were applied based on soil test recommendations across each location. Also, plots
were maintained insect free and harvest aids were applied based on Mississippi State University
Extension Service recommendations.
Field experiments were arranged in a randomized complete block design with a 6 x 3 x 2
factorial arrangement of treatments and replicated four times. Factor A, B, and C consisted of
seeding rate, percent stand loss, and stand loss timing, respectively. The six seeding rates were
185,250, 247,000, 308,750, 370,000, 432,250, and 494,000 seeds ha-1. The percent stand loss
was 0%, 20%, and 40%. Additionally, stand loss timing was imposed at soybean vegetative
growth stages (V1) and (V4). Percent stand loss was achieved by mixing 0%, 20%, or 40% seed
of a non-Roundup Ready soybean cultivar with seed of a glyphosate [N-(phosphomethyl)
glycine] (Roundup®, Monsanto Company, St. Louis, MO) resistant soybean maturity group IV
cultivar (ASGROW® 4835, Monsanto Company, St. Louis, MO) into a package for each
individual row. Each package was shaken after seed were counted for random stand loss
throughout each row. A total of four packages were planted for each plot (1 per row) with an
Almaco planter equipped with research plot-type cones (Almaco, Nevada, IA. Glyphosate
(Roundup®, Monsanto Company, St. Louis, MO) was applied at a rate of 1.54 kg ai ha-1 to each
designated plot at soybean vegetative growth stages (V1) or (V4) to remove non-Roundup Ready
tolerant plants to achieve percent stand loss for each plot. ASGROW® 4835 was pre-treated with
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CruiserMaxx (thiamethoxam [0.0762 mg ai per seed], mefenoxam [0.0039 mg ai per seed], and
fludioxonil [0.0039 mg ai per seed]) (Syngenta Crop Protection, Greensboro, NC). The
fungicides included in the seed treatment package target Pythium, Phytophthora, Fusarium, and
Rhizoctonia spp. Seed treatments were used across all locations to minimize additional stand
loss from insect and disease pests.
Plant populations were determined for each plot at the V6 growth stage to determine if
the targeted plant populations were achieved with this method by counting all live plants on the
third row of each plot. Canopy closure was recorded and measured using Canopeo (Mathworks,
Inc., Natick, MA). Canopeo was developed by Oklahoma State University and analyzes
fractional green canopy cover (FGCCC) from a digital image (Patrignani and Ochsner 2015).
This analysis records a binary image where white pixels correspond to pixels of green canopy
and black pixels correspond to not green canopy which can range from 0 (no green canopy) to 1
(100% green canopy cover) (Patrignani and Ochsner 2015). One image was taken per plot
exactly, 6.1 m into the plot and 187.96 cm above the ground, using a photographic camera with
the lens pointing down and recording the two inside rows in an area of approximately 1 m2 at R3
growth stage (0.4-cm long pod).
Soybean were harvested from the two center rows of each plot using small plot combines
equipped with weigh system to measure grain weight and moisture content. Different combines
were used at Starkville and Stoneville. Yields were converted to kg per hectare and adjusted to
13% moisture.
Data for yields were analyzed with analysis of variance (PROC GLIMMIX, SAS ver.
9.4, SAS Institute; Cary, NC) to determine the impact of seeding rate, stand loss percentage, and
stand loss timing on soybean yields. In the initial analysis, seeding rate, stand loss timing, seed
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loss percentage, and all interactions were considered fixed effects. Test, replication nested in
test, replication by seeding rate nested in test, and replication by seeding rate by stand loss timing
nested in test were random. Degrees of freedom were calculated using the Kenward-Roger
method. Means and standard errors were determined using PROC MEANS statement. In the
initial analysis, none of the main effects or interactions were significant for soybean yield, so a
separate analysis was conducted where test (year*location) was included as a fixed effect in the
model. In that analysis, there was a significant test by stand loss timing by stand loss percentage
interaction and a test by seeding rate by stand loss percentage interaction (Table 4.1). Because of
those interactions and the variability in responses across tests, a final analysis was conducted by
test. In those analyses, plant population, stand loss percentage, stand loss timing and all
interactions were considered fixed effects. Replication and replication nested in site year was
considered random effects. Degrees of freedom were calculated using the Kenward-Roger
method. Means and standard error for yield and canopy closure were determined using the
PROC MEANS statement. For tests where the seeding rate by stand loss percentage interaction
was significant, soybean yields and canopy closure were analyzed with regression analysis
(PROC GLM, SAS ver. 9.4, SAS Institute; Cary, NC) by percent stand loss to determine the
relationship between seeding rate and soybean yields at each of the stand loss percentages. It
was determined that there were data trends over seeding rates and stand loss percentages, so a
regression analysis was conducted to make predictions of how soybean yield responded to
percent stand loss. In those analyses, seeding rate was included in the model as the explanatory
variable and soybean yields were included as the response variable. Both linear and quadratic
terms were included to determine the best fit of the model.
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Results
The method of mixing glyphosate tolerant seed and glyphosate susceptible seed and
spraying the plots with glyphosate appeared to be an adequate method for simulating plant loss
from insect pests in soybean. Across all tests and treatments, the final plant populations were
within 86 percent of the targeted plant populations based on seeding rates and plant loss
percentages (data not shown). The impact of seeding rate and stand loss percentage on soybean
yields was highly variable across site years. There was a significant seeding rate by stand loss
percentage interaction for four of the six site years. These include Delta 1 in 2016, Hills in 2016,
Delta 2 in 2017, and Hills in 2017 (Table 4.2).
Delta 1 Location 2016
There was a significant linear relationship (F = 9.33; df = 1, 42; P = 0.01) between
seeding rate and soybean yields where no stand loss occurred. Soybean yields decreased as
seeding rates increased (Fig. 4.1A, Blue Line). The relationship between seeding rate and
soybean yields was not significant (F = 3.70; df = 1, 43; P = 0.06) at the 20% stand loss level.
At the 40% stand loss level, there was a significant quadratic relationship (F = 7.10; df = 2, 46; P
= 0.01) between seeding rate and soybean yields. Soybean yields increased until 375,000 seed
ha-1, but the amount of yield increase declined at higher seeding rates (Fig. 4.1A, Black Line).
The impact of stand loss timing was also significant (Table 4.2). Stand loss at V3-4 had greater
impact on soybean yields than stand loss at V1-2. There was a significant linear relationship
between seeding rate and canopy closure for the 0% (F = 40.84; df = 1, 47; P < 0.01), 20% (F =
87.75; df = 1, 47; P < 0.01), and 40% (F = 66.56; df = 1, 45; P < 0.01) stand loss levels (Fig.
4.2A). Canopy closure increased as seeding rate increased at all three stand loss levels.
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Hills Location 2016
There was no relationship between seeding rate and soybean yields at the 0% stand loss
percentage (F = 0.07; df = 1, 43; P = 0.80) or at the 20% stand loss percentage (F = 2.73; df = 1,
43; P = 0.11). At the 40% stand loss percentage, there was a significant linear relationship (F =
8.01; df = 1, 42; P = 0.01) between seeding rate and soybean yields (Fig. 4.1B, Black Line). The
interaction between stand loss timing and stand loss percentage also was significant (Table 4.2).
There was a significant quadratic relationship between seeding rate and canopy closure for the
0% (F = 5.37; df = 2, 47; P = 0.03) stand loss level (Fig. 4.2B). There was a significant linear
relationship between seeding rate and canopy closure for the 20% (F = 11.23; df = 1, 47; P =
0.01) and 40% (F = 9.01; df = 1, 47; P = 0.01) stand loss levels (Fig. 4.2B). Canopy closure
increased as seeding rate increased at all three stand loss levels, but rate of increase at 0% stand
loss declined at the higher seeding rate.
Delta 2 Location in 2017
There was not a relationship between seeding rate and soybean yields where no stand loss
(F = 1.56; df = 1, 43; P = 0.21) or 40% stand loss (F = 0.54; df = 1, 43; P = 0.46) occurred (Fig.
4.1C). A linear relationship between seeding rate and soybean yields was observed (F = 7.53; df
= 1, 41; P = 0.01) at the 20% stand loss level. Soybean yield decreased as seeding rate increased
(Fig 4.1C, Red Line). Also at the Delta 2 location in 2017, there was a significant linear
relationship between seeding rate and canopy closure for the 0% (F = 44.42; df = 1, 47; P <
0.01), 20% (F = 65.56; df = 1, 47; P < 0.01), and 40% (F = 30.55; df = 1, 47; P < 0.01) stand loss
levels (Fig. 4.2C). Canopy closure increased as seeding rate increased at all three stand loss
levels.
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Hills Location 2017
At the Hills location in 2017, there was no relationship between seeding rate and soybean
yields (F = 0.42; df = 1, 41; P = 0.52) at the 0% stand loss percentage. There was a quadratic
relationship between seeding rate and soybean yields at the 20% stand loss percentage (F = 4.93;
df = 2, 44; P = 0.03). Soybean yields increased over the different seeding rates, but the amount
of yield increase became less at higher seeding rates (Fig. 4.1D, Red Line). At the 40% stand
loss percentage, there was a significant linear relationship between seeding rate and soybean
yields (F = 23.00; df = 1, 40; P < 0.01). Soybean yields increased at higher seeding rates (Fig.
4.1D, Black Line). Also, at the Hills location in 2017, there was a significant linear relationship
between seeding rate and canopy closure for the 0% (F = 8.11; df = 1, 47; P = 0.01) and 40% (F
= 24.29; df = 1, 47; P < 0.01) stand loss levels. Canopy closure increased as seeding rate
increased at these stand loss levels (Fig. 4.2D). There was a significant quadratic relationship
between seeding rate and canopy closure for the 20% (F = 8.17; df = 2, 47; P = 0.01) stand loss
level. Canopy closure increased as seeding rate increased up to 375k before declining but the
amount of canopy closure increase became less at higher seeding rates (Fig. 4.2D)
Discussion
Soybean seed costs have increased dramatically over the past 15 years due to herbicide
tolerance traits (Rawlinson and Martin 1998) and increased input costs for management of
resistant weeds (Bradley et al. 2000, Johnson et al. 2000). Higher seed costs combined with the
early soybean production system has made early season insect pest management in soybean more
important. Pest occurrences and environmental factors vary each year and producers must adopt
intense management inputs at the time of planting to maximize chances for greater returns.
Greater than 80% of soybeans in the Mid-South are treated with a neonicotinoid seed treatment
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(Musser et al. 2017). Cool, wet soils associated with earlier planting dates prolong soybean
seedling growth and increase the susceptibility of plants to insects, diseases, and other
environmental stresses (Baur et al. 2000). Increased public pressure on the use of neonicotinoid
insecticides, due to the decline in honey bee, Apis mellifera (L.), populations described as colony
collapse disorder (USDA-ARS 2012) may have a negative effect on upcoming pesticide reregistrations for neonicotinoid active ingredients. These active ingredients include imidacloprid
(Gaucho 600, Bayer CropScience, Research Triangle Park, NC) and thiamethoxam (Cruiser 5FS,
Syngenta Crop Protection, Greensboro, NC), which are the most commonly used neonicotinoids
on soybean seed (EPA 2017). Increased seeding rate has been proposed as an alternative to
neonicotinoid seed treatments in soybean to compensate for stand loss from early season insect
damage.
Previous studies have shown that the yield potential of soybean did not change among a
wide range of seeding rates (Pederson and Lauer 2002, Norsworthy and Frederick 2002, Bertram
and Pederson 2004). In contrast, other studies have shown that seeding rate can have an impact
on soybean yields. Some studies have shown that soybean yields were greater at lower seeding
rates (Lee et al. 2008, DeBruin and Pederson 2008a); whereas, other studies have shown that
soybean yields were greater at higher seeding rates (Oplinger and Philbrook 1992, Devlin et al.
1995, Bertram and Pedersen 2004, Edwards and Purcell 2005, De Bruin and Pederson 2008b).
Similarly, there was considerable variation in the response of soybean yields to seeding rates and
stand loss in the current experiment. Yields decreased as seeding rate increased with no stand
loss in two tests, increased in one test, and did not change in the other three tests. This suggests
that significant economic risks can result from increasing the seeding rate if stand loss does not
occur. Among the site years where there was a seeding rate by percent loss interaction for
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soybean yields, the response to these two factors was highly variable. In general, the 40% stand
loss treatment resulted in lower soybean yields at lower seeding rates compared to where no
stand loss occurred. Additionally, the impact of 40% stand loss became less important as
seeding rate increased. For the 20% stand loss, soybean yields decreased at the higher seeding
rates relative to the lower seeding rates at one location and remained relatively stable at one
location. In contrast, soybean yields were improved by 20% stand loss at the higher seeding
rates for two of the locations.
Timing of the stand loss had little impact on final soybean yields. However, stand loss
timing had an impact at one location, where stand loss at V1-V2 had a greater impact on soybean
yields than stand loss at V3-V4. This is similar to previous research where soybean plant stand
losses significantly reduced soybean yield during the early vegetative growth stages (Hintz and
Fehr 1990, Hintz et al. 1991). Hintz and Fehr (1990) showed 5 and 15% yield losses when 33
and 66% of soybean plants were removed at V3 and V6 soybean growth stages. Hintz et al.
(1991) observed 7 and 18% yield losses when soybean plants were removed at 33 and 66% at the
V3 and V6 soybean growth stages.
Recently, soybean producers have opted to utilize lower seeding rates due to increased
seed costs without sacrificing yield (Cox et al. 2010). Also, many producers report more
uniform emergence and less stand loss from insect pests where neonicotinoid seed treatments are
used (North et al. 2016). These studies combined with previous studies cited earlier showed that
the response of soybean to different seeding rates is highly variable and unpredictable. In
general, soybean yields can be maximized at low plant populations but must be protected and
have minimal stand loss when low final plant stands are achieved. Increasing seeding rates to
compensate for early season plant loss may not be economically feasible due to seed costs and
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provides a significant level of risk if stand loss does not occur. Currently, the reasons for the
wide range of responses to seeding rate and stand loss are not understood and more research is
needed. The results of this experiment show that planting higher rates of seed can provide
significant risk of yield and economic losses even with uniform emergence if no stand loss
occurs. As a result, increasing seeding rate in soybean may not be a viable alternative to
neonicotinoid seed treatments.
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Results of the analysis of variance evaluating the impact of site year, seeding rate,
stand loss timing, and stand loss percentage on soybean yields in Mississippi in
2016 and 2017.
Effect

F

df

P

554.38

5, 62

< 0.01

Seeding Rate

7.19

5, 626

< 0.01

Test*Seeding Rate

3.11

25, 626

< 0.01

Timing

1.09

1, 626

0.30

Test*Timing

1.49

5, 626

0.19

Seeding Rate*Timing

1.05

5, 626

0.39

Test*Seeding Rate*Timing

1.02

25, 626

0.43

Percent Loss

5.99

2, 626

0.01

Test*Percent Loss

12.78

10, 626

< 0.01

Seeding Rate*Percent Loss

5.63

10, 626

< 0.01

Test*Seeding Rate*Percent Loss

1.38

50, 626

0.05

Percent Loss*Timing

0.71

2, 626

0.49

Test*Percent Loss*Timing

2.12

10, 626

0.02

Seeding Rate*Percent Loss*Timing

0.64

10, 626

0.78

Test*Seeding Rate*Percent Loss*Timing

0.91

50, 626

0.64

Test
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Analysis of variance for the impact of seeding rate, stand loss timing, and stand
loss percentage on soybean yields in Mississippi in 2016 and 2017 when analyzed
by site year.
Site Year

Location

Year

1

Delta 1

2016

2

3

4

5

6

Delta 2

Hills

Delta 1

Delta 2

Hills

2016

2016

2017

2017

2017

Effect
Seeding Rate
Timing
Percent Loss
Seeding Rate*Timing
Seeding Rate*Percent Loss
Timing* Percent Loss
Seeding Rate*Timing*Percent Loss

F
1.23
7.80
11.47
0.71
3.27
0.87
0.51

df
5, 103
1, 103
2, 103
5, 103
10, 103
2, 103
10, 103

P
0.29
0.01
<0.01
0.62
0.01
0.42
0.88

Seeding Rate
Timing
Percent Loss
Seeding Rate*Timing
Seeding Rate*Percent Loss
Timing* Percent Loss
Seeding Rate*Timing*Percent Loss

1.73
1.66
0.20
1.06
1.63
0.36
1.36

5, 103
1, 103
2, 103
5, 103
10, 103
2, 103
10, 103

0.13
0.20
0.82
0.38
0.10
0.69
0.20

Seeding Rate
Timing
Percent Loss
Seeding Rate*Timing
Seeding Rate*Percent Loss
Timing* Percent Loss
Seeding Rate*Timing*Percent Loss

2.43
0.29
7.52
1.35
2.30
5.23
1.03

5, 104
1, 104
2, 104
5, 104
10, 104
2, 104
10, 104

0.03
0.59
0.01
0.24
0.01
0.01
0.42

Seeding Rate
Timing
Percent Loss
Seeding Rate*Timing
Seeding Rate*Percent Loss
Timing* Percent Loss
Seeding Rate*Timing*Percent Loss

3.70
0.53
1.83
0.42
0.55
1.18
1.29

5, 104
1, 104
2, 104
5, 104
10, 104
2, 104
10, 104

0.01
0.46
0.16
0.83
0.84
0.31
0.24

Seeding Rate
Timing
Percent Loss
Seeding Rate*Timing
Seeding Rate*Percent Loss
Timing* Percent Loss
Seeding Rate*Timing*Percent Loss

2.56
1.78
13.44
0.48
2.40
0.37
0.47

5, 103
1, 103
2, 103
5, 103
10, 103
2, 103
10, 103

0.03
0.18
<0.01
0.78
0.01
0.69
0.90

Seeding Rate
Timing
Percent Loss
Seeding Rate*Timing
Seeding Rate*Percent Loss
Timing* Percent Loss
Seeding Rate*Timing*Percent Loss

8.46
0.08
24.58
1.39
2.44
0.95
0.91

5, 97
1, 97
2, 97
5, 97
10, 97
2, 97
10, 97

<0.01
0.78
<0.01
0.23
0.01
0.39
0.52
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Impact of the interaction between seeding rate and stand loss percentage on
soybean yields at Stoneville, MS in 2016 (A, Delta 1); Starkville, MS in 2016 (B,
Hills), Stoneville, MS in 2017 (C, Delta 2); and Starkville, MS in 2017 (D, Hills).
A. 0%: y = -1.06x + 4,882.37; P = 0.01; 20%: y = -0.54 + 4,865.37; P = 0.06; 40%: y = -0.007x2
+ 6.23x + 3,582.24; P = 0.01
B. 0%: y = -0.14x + 3,698.23; P = 0.01; 20%: y = 0.82x + 3,251.78; P = 0.01; 40%: y = 0.99x +
3,071.11; P = 0.01
C. 0%: y = -0.34x + 3,748.53; P < 0.01; 20%: -0.80x + 4,098.81; P < 0.01; 40%: y = 0.25x +
3,743.67; P < 0.01
D. 0%: y = 0.33x + 3,050.52; P = 0.01; 20%: y = 9.51x + 1,090.32; P = 0.01; 40%: y = -0.010x2
+ 1.95x + 2,023.36; P = 0.01.
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Impact if the interaction between seeding rate and stand loss percentage on
soybean canopy closure at Stoneville, MS in 2016 (A, Delta 1); Starkville, MS in
2016 (B, Hills), Stoneville, MS in 2017 (C, Delta 2); and Starkville, MS in 2017
(D, Hills).
A. 0%: y = 0.11x + 62.16; P < 0.01; 20%: y = 0.02x + 72.88; P < 0.01; 40%: y = 0.07x + 56.33;
P < 0.01
B. 0%: y = -0.0003x2 + 0.24x + 7.21; P = 0.03; 20%: y = 0.03x + 32.89; P = 0.01; 40%: y =
0.09x + 18.88; P = 0.01
C. 0%: y = 0.14x + 21.21; P < 0.01; 20%: 0.05x + 31.74; P < 0.01; 40%: y = 0.15x + 12.61;
P < 0.01
D. 0%: y = 0.06x + 42.96; P = 0.02; 20%: y = -0.0002x2 + 0.24x + 5.61; P = 0.01; 40%: y = 0.01x + 43.48; P = 0.01

90

References
Allen, T. 2012. Soybean seedling disease identification: Pythium damping-off and root rot.
Mississippi State University Extension, Mississippi Crop Situation.
http://www.mississippi-crops.com/2012/05/03/soybean-seedling-disease-identificationpythium-damping-off-and-root-rot/. May 2012.
ASA. 2017. 2017 Soystats. In A. S. Association [ed.]. American Soybean Association,
http://soystats.com/wp-content/uploads/17ASA-006_Soy-Stats-2017_1F-web.pdf.
Baur, M. E., D. J. Boethel, M. L. Boyd, G. R. Bowers, M. O. Way, L. G. Heatherly, J. Rabb,
and L. Ashlock. 2000. Arthropod populations in early soybean production systems in the
midsouth. Environ. Entomol. 29: 312-328.
Bertram, M. G., and P. Pedersen. 2004. Adjusting management practices using glyphosate
resistant soybean cultivars. Agron. J. 96: 305-310.
Board, J. E., C. Kahlon, D. Harrell, T. Udeigwe, J. Stapp, and T. Talbot. 2013. Can soybean
seeding rates be reduced without affecting yields in Louisiana. In Louisiana AgCenter
Research Bulletin 832.
Bowers, G. R. 1995. An early soybean production system for drought avoidance. J. Prod. Agric.
8: 112-118.
Bradley, P. R., G. R. Johnson, S. E. Hart, M. L. Buesinger, and R. E. Massey. 2000.
Economics of weed management in glufosinate-resistant corn (Zea mays L.). Weed
Technol. 14: 495-501.
Coker, C., R. Cartwright, T. Kirkpatrick, and J. Rupe. 1998. Soybean diseases and their
control, Arkansas soybean production handbook, MP 197. University of Arkansas
Extension Service. Little Rock, AR.
Cox, W. J., J. H. Cherney, and E. Shields. 2010. Soybeans compensate at low seeding rates but
not at high thinning rates. Agron. J. 102: 1238-1243.
Davis, J. A., A. R. Richter, and B. R. Leonard. 2009. Efficacy of insecticide seed treatments
on early season soybean insect pests, 2008. Arthropod Manage. Tests 34, F57.
Davis, J. A., K. L. Kamminga, and A. R. Richter. 2010. Insecticide seed treatment effects on
early season soybean insect pests, 2009. Arthropod Manage. Tests 35, F45.
De Bruin, J. L., and P. Pederson. 2008a. Soybean seed yield response to planting date and
seeding rate in the upper Midwest. Agron. J. 100: 696-703.
Doi:10.2134/agronj2007.0115.
91

De Bruin, J. L., and P. Pedersen. 2008b. Effect of row spacing and seeding rate on soybean
yield. Agron. J. 100: 704-710.
Devlin, D. L., D. L. Fjell, J. P. Shroyer, W. B. Gordon, B. H. Marsh, L. D. Maddux, V. L.
Martin, and S. R. Duncan. 1995. Row spacing and seeding rates for soybean in low and
high yielding environments. J. Prod. Agric. 8: 215-222.
Edwards, J. T., and L. C. Purcell. 2005. Soybean yield and biomass response to increasing
plant population among diver maturity groups: I. Agronomic characteristics. Crop Sci.
45: 1170-1777.
Environmental Protection Agency. 2017. EPA releases neonicotinoid assesments for public
comment. http://www.epa.gov/pesticides/epa-releases-neonicotinoid-assessments-public
Faske, T. 2015. Soybean seedling disease vs. herbicide injury. University of Arkansas Division
of Agriculture Research and Extension, Arkansas Row Crops. Little Rock, AR.
http://www.arkansas-crops.com/2015/05/19/seedling-disease-herbicide/. May 2015.
Fehr, W. R., and C. E. Caviness, D. T. Burmood, and J. S. Pennington. 1971. Stage of
development descriptions for soybeans, Glycine max (L.) Merrill. Crop Sci. 11, 929-931.
Gaspar, A. P., S. P. Conley, and P. D. Mitchell. 2014. Economic risk and profitability of
soybean seed treatments at reduced seeding rates. Crop Science 01/2015;
DOI:10.2135/cropsci2014.02.0114.
Grau, C. R., E. S. Olinger, E. A. Adee, E. A. Hinkens, and M. J. Martinka. 1994. Planting
date and row width effect on severity of brown stem rot and soybean productivity. J.
Prod. Agric. 7: 347-351.
Haile, F. J., L. G. Higley, and J. E. Specht. 1998a. Soybean cultivars and insect defoliation:
Yield loss and economic injury levels. Agron. J. 90: 344-352.
Haile, F. J., L. G. Higley, J. E. Specht, and S. M. Spooner. 1998b. Soybean leaf morphology
and defoliation tolerance. Agron. J. 90: 353-362.
Hartman, G. L., and C. B. Hill. 2010. Disease of soybean and their management. The soybean:
botany production and uses. 276-299.
Heatherly, L. G., A. Blaine, H. F. Hodges, R. A. Wesley, and N. Buehring. 1999. Variety
selection, planting date, row spacing, and seeding rate, pp. 41-52. In L. G. Heatherly and
H. F. Hodges (eds.), Soybean Production in the Midsouth. CRC Press, Boca Raton, FL.
Heatherly, L. G. 2005a. Midsouthern USA soybean yield affected by maturity group and
planting date. Crop Man. 4-110.1094/CM-2005-0418-01-R5.
92

Heatherly, L. G. 2005b. Soybean development in the midsouthern USA related to date of
planting and maturity classification. Crop Man. 4. Doi: 10.1094/CM-2005-0421-01-R5.
Helms, T. C., E. Deckard, R. J. Goos, and J. W. Enz. 1996. Soybean seedling emergence
influenced by days of soil water stress and soil temperature. Agron. J. 88: 657-661.
Hintz, R. W., and W. R. Fehr. 1990. Plant density and defoliation effects on the recovery of
soybean injured by stem cutoff during vegetative development. Agron. J. 82: 57-59.
Hintz, R. W., H. H. Beeghly, W. R. Fehr, A. A. Schneiter, and D. R. Hicks. 1991. Soybean
response to stem cutoff and defoliation during vegetative development. J. Prod. Agric. 4:
585-589.
Johnson, R. R., and L. M. Wax. 1979. Soybean stand establishment and yield as affected by
herbicides and cultural practices. Agron. J. 71: 880-884.
Johnson, W. G., P. R. Bradley, S. E. Hart, M. L. Buesinger, and R. E. Massey. 2000.
Efficacy and economics of weed management in glyphosate-resistant corn (Zea mays).
Weed Technol. 14: 57-65.
Kane, M. V. and L. J. Grabau. 1992. Early planted, early maturing soybean cropping system:
Growth development and yield. Agron. J. 84: 769-773.
Kirkpatrick, M. T., J. C. Rupe, and C. S. Rothrock. 2006. Soybean response to flooded soil
conditions and the association with soilborne plant pathogenic genera. Plant Disease 90:
592-596.
Lee, C. D., D. B. Egli, and D. M. Tekrony. 2008. Soybean response to plant population at early
and late planting dates in the midsouth. Agron. J. 100: 971-976.
Musser, F. R., A. L. Catchot Jr., J. A. Davis, G. M. Lorenz, T. Reed, D. D. Reisig, S. D.
Stewart, and S. Taylor. 2017. 2016 soybean insect losses in the southern US. Mid-South
Entomologist. 5: 11-12.
Norsworthy, J. K. 2003. Use of soybean production surveys to determine weed management
needs of South Carolina farmers. Weed Technol. 17: 195-201.
Norsworthy, J. K., and J. R. Frederick. 2002. Reduced seeding rate for glyphosate-resistant,
drilled soybean on the southeastern Coastal Plain. Agron. J. 94: 1282-1288.
Oplinger, E. S., and B. D. Philbrook. 1992. Soybean planting date, row width, and seeding rate
response in three tillage systems. J. Prod. Agric. 5: 94-99.

93

(USDA-NASS) United States Department of Agriculture-National Agricultural Statistics
Service. 2007. 2007 seed costs, commodity costs, and returns: U.S. and regional costs
and return data. https://www.ers.usda.gov/Data/CostsAndReturns/testpick.htm. USDA
NASS, Washington, DC.
(USDA-NASS) United States Department of Agriculture-National Agricultural Statistics
Service. 2016. 2016 seed costs, commodity costs, and returns: U.S. and regional costs
and return data. https://www.ers.usda.gov/Data/CostsAndReturns/testpick.htm. USDA
NASS, Washington, DC.
(USDA-NASS) United States Department of Agriculture-National Agricultural Statistics
Service. 2017. 2017 seed costs, commodity costs, and returns: U.S. and regional costs
and return data. https://www.ers.usda.gov/Data/CostsAndReturns/testpick.htm USDA
NASS, Washington, DC.
Murillo-Williams, A., and P. Pederson. 2008. Arbuscular mycorrhizal colonization response to
three seed-applied fungicides. Agon. J. 100: 795-800.
Nelson, K. A., and K. A. Renner. 1999. Weed management in wide-and-narrow-row glyphosate
resistant soybean. J. Prod. Agric. 12: 460-465.
North, J. H., J. Gore, A. L. Catchot, S. D. Stewart, G. M. Lorenz, F. R. Musser, D. R. Cook,
D. L. Kerns, and D. M. Dodds. 2016. Value of neonicotinoids insecticide seed
treatments in mid-south soybean (Glycine max) production systems. J. Econ. Entomol.
109(3): 1156-1160.
Patrignani, A., and T. E. Ochsner. 2015. Canopeo: a powerful new tool for measuring
fractional green canopy cover. Agron. J. 107: 2312-2320.
Pedersen, P., and J. G. Lauer. 2002. Influence of rotation sequence on the optimum corn and
soybean plant population. Agron. J. 94: 968-974.
Rawlinson, J., and A. Martin. 1998. Weed management strategies in soybeans. Unpublished
manuscript, University of Nebraska at Lincoln.
Robinson, A. P., and S. P. Conley. 2007. Plant populations and seeding rates for soybeans. In P.
U. Extension [ed.], Purdue Extension Knowledge to Go. AY-217-W.
SAS Institute. 2018. SAS/STAT 9.4 PROC GLIMMIX. SAS Institute, Cary, NC.
Sweeney, D. W., G. V. Granade, and R. O. Burton. 1995. Early and traditionally maturing
soybean varieties grown in two plating systems. J. Prod. Agric. 8: 373-379.
USDA-ARS. 2012. Colony Collapse Disorder Progress Report. CCD Steering Committee
http://www.ars.usda.gov/is/br/ccd/ccdprogressreport2012.pdf
94

CHAPTER V
IMPACT OF PLANTER TYPE AND PLANT POPULATION ON STAND UNIFORMITY
AND YIELD OF SOYBEAN [GLYCINE MAX, (L.) MERRILL
Abstract
Recent increases in worldwide population coupled with increasingly volatile soybean,
Glycine max (L.) Merrill, prices have driven producers to seek methods to improve production
efficiency while maximizing yield. In corn, Zea mays L., planter type and plant spacing play an
important role in uniform stand establishment and maximization of yield. Achieving this same
goal in soybean would offer producers an additional method for improving efficiency, yield, and
ultimately profitability. An experiment was conducted in 2018 to evaluate the impact of planter
type and seeding rate on soybean stand uniformity and yield. Treatments were established using
a 4 row Almaco planter equipped with plot-type cones, John Deere MaxEmerge XP vacuum air
planter, and a John Deere MaxEmerge XP equipped with a Vset precision metering system at
two different seeding rates: 185,250 and 308,750 seed ha-1. Planter type had a significant impact
on spacing between soybean plants, but no significant impact on soybean yield. Seed planted
with the Vset precision metering system or the vacuum air planter emerged into more evenly
spaced plants compared to those planted with the research plot-type cone planter. Furthermore,
the seeding rate of 185,250 seeds ha-1 resulted in increased distance between plants, however, the
seeding rate of 308,750 seeds ha-1 resulted in increased yield.
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Introduction
Planter technology and seeding rate are critical to soybean, Glycine max (L.) Merrill,
producers as both factors directly impact the resulting crop stand. These variables can influence
seed placement, uniform seedling emergence, and variability in plant spacing, ultimately
affecting soybean growth and yield potential. Precision agriculture is rapidly expanding across
the U.S. in an effort to improve efficiency and reduce overall production costs by minimizing
overlapping inputs including seed, fertilizer, and pesticides. Numerous studies have been
conducted on the use of various precision agriculture technologies and have reported significant
increases in net returns (Shockley et al. 2011, Shockley et al. 2012, and Smith et al. 2013).
Numerous experiments have evaluated spacing variability and shown that it can reduce grain
yield in corn, Zea mays L. (Krall et al. 1977, Vanderclip et al. 1988, and Nielsen 2001).
Although spacing variability has been linked to lower corn grain yields, other experiments have
observed no decrease in yield of commercial fields where spacing variability occurred, but plant
populations were adequate (Erbach et al. 1972, Edmeades and Daynard 1979, Muldoon and
Daynard 1981, Daynard and Muldoon 1983, Liu et al. 2004a, 2004b). Emergence uniformity is
imperative for maximizing grain yield due to early emerged plants being unable to compensate
for lower yield of plants that emerge later (Carter and Nafziger 1989, Nafziger et al. 1991, Ford
and Hicks 1992, and Liu et al. 2004b). Also, delays in emergence can lead to increased seedling
death due to the enhancement of microbial infected seedlings (Woodstock 1973, Hamman et al.
2002).
Increased technology fees associated with herbicide tolerance (Rawlinson and Martin
1998) and improved weed management programs (Bradley et al. 2000, Johnson et al. 2000) have
led to greater investments at the time of planting for most crops. Therefore, producers have
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increased awareness of accurate seed placement based on seeding rate to minimize seed costs
while still optimizing yield potential. Recommended seeding rates for soybean vary across the
Mid-South. For instance, soybean plant population recommendations in Louisiana range from
197,000 to 296,400 plants ha-1 (Johnson 2011). Currently, Arkansas recommends a plant
population of 296,400 to 321,100 soybean plants ha-1. Previous research has shown that as plant
population decreases, seed yield per plant increases (Carpenter and Board 1997a, Carpenter and
Board 1997b). Plant density and spacing between plants are important factors that contribute to
effects of plant population on soybean yield (Moore 1991). Seeding rates and ultimately final
plant populations may also increase the ability of soybean plants to compete with weeds
influencing weed management (Grichar et al. 2004, O’Donovan et al. 2001). Soybean fields
with high plant populations have been correlated with rapid canopy closure leading to reduced
weed seed germination and weed seedling growth (Arce et al. 2009). However, recommended
seeding rates can be reduced in glyphosate resistant soybean without negatively affecting yield
(Norsworthy and Frederick 2002).
The importance of uniformly spaced soybean plants has not been resolved. The impact
of evenly spaced corn plants on improved grain yields is well understood, but the significance to
soybean is lacking. Therefore, an experiment was conducted in Mississippi to determine
soybean response to planter type, within-row plant spacing, and seeding rate.
Materials and Methods
To determine the impact of planter type and plant population on soybean stand
uniformity and yield, an indeterminate, maturity group IV variety (ASGROW® 4835, Monsanto
Company, St. Louis, MO) was planted on 18 May 2017 at the R. R. Foil Plant Science Research
Station in Starkville, MS. Soybean seed were pre-treated with CruiserMaxx (thiamethoxam
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[0.0762 mg ai per seed], mefenoxam [0.0039 mg ai per seed], and fludioxonil [0.0039 mg ai per
seed]) (Syngenta Crop Protection, Greensboro, NC). The fungicides included in the seed
treatment package; mefenoxam and fludioxonil, target Pythium, Phytophthora, Fusarium, and
Rhizoctonia spp. The field experiment was arranged in a randomized complete block design
with a 3 X 2 factorial arrangement of treatments with each treatment being replicated four times.
Factors A and B consisted of planter type and seeding rate, respectively. The three planter types
included: Almaco planter equipped with research plot-type cones (Almaco, Nevada, IA); John
Deere® 1700 Rigid Integral pneumatic vacuum planter (Deere & Company, Moline, IL); and a
John Deere® 1700 Rigid Integral planter equipped with a vSet® (Precision Planting, Tremont, IL)
precision metering system. The two seeding rates used for each planter included 185,250 and
308,750 seeds ha-1. Plot sizes were four rows by 12.2 meters and planted on 96.5 cm centers.
Each plot was scouted weekly and maintained weed and insect free throughout the
growing season. Harvest aids were applied based on Mississippi State University
recommendations. Fertilizer applications were applied based on soil test recommendations
across each location. Soybean plant populations were recorded at second trifoliate (V2) growth
stage using a 4.19 m long pole and counting the number of soybean seedlings in that length on
row two of each plot. Plant heights were recorded at R5 (beginning seed, Fehr et al. 1971)
growth stage from five random plants located in the center two rows of each plot using a 91.44
cm measuring stick. Inter-plant spacing measurements were recorded using a 25.4 mm fractional
digital caliper. Twenty-six soybean plants were counted in the plot and inter-plant spacings were
recorded between each soybean plant. Plots were harvested independently using a two row
Kincaid (Massey Ferguson) 8XP plot combine, equipped with a 2-meter platform header and
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data collection system capable of recording seed weight and measuring seed moisture content.
Soybean yield was adjusted to 13% standard moisture and converted to kg per hectare.
Stand counts, plant height measurements, spacing between plants, and yield were
analyzed with a mixed model analysis of variance (PROC GLIMMIX SAS ver. 9.4; SAS
Institute 2018). There were no significant interactions in this analysis. In these analyses, planter
type and seeding rate were considered fixed effects, and replication was considered a random
effect. Degrees of freedom were calculated using the Kenward-Roger method. Means and
standard errors were determined using Proc Means Statement. Means were separated using
Fisher’s LSD procedure at the 0.05 level of significance.
Results
There were no differences observed between soybean plant population achieved by
planting with any of the evaluated planter technologies at seeding rates of 185,250 (F = 2.44; df
= 2, 9; P = 0.14) and 308,750 (F = 2.51; df = 2, 6; P = 0.16) plants ha-1 (Table 3.1). Also, there
were no differences in soybean plant height measurements between planter types at 185,250 (F=
0.75; df = 2, 18; P = 0.48) and 308,750 (F = 3.08; df = 2, 18; P = 0.07) seeding rate ha-1 when
evaluated at R5 (beginning seed) growth stage (Table 3.2). However, there was a difference in
plant height measurement across seeding rate (F = 16.53; df = 1, 39; P < 0.01) (Table 3.3).
Soybean plants grown at a seeding rate of 308,750 seeds ha-1 were taller than plants grown at a
seeding rate of 186,250 seeds ha-1. No differences were observed in plant spacing achieved by
any of the evaluated planter types (F = 0.59; df = 2, 297; P = 0.55) at a seeding rate of 185,250
plant ha-1 (Table 4). However, there was a significant difference in plant spacing between
planter type (F = 5.38; 2, 297; P < 0.01) at a seeding rate of 308,750 seeds ha-1 (Table 3.4).
Soybean planted with the research plot-type cone planter resulted in a smaller average plant
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spacing than soybean planted with the other planters. There was no difference in mean yield of
soybean among planter types (F = 2.27; df = 2, 15; P = 0.13); however, there was a significant
difference in mean yield of soybean between seeding rates (F = 9.39; df = 1, 15; P < 0.01) (Table
5). Soybean yield was greater when seeded at a rate of 308,750 seed ha-1 compared to yield
when seeded at a rate of 185,250 seeds ha-1.
Discussion
Increased soybean seed costs with fluctuating market prices has resulted in the adoption
of more efficient technology that aids in optimizing stand uniformity and achieving the desired
plant population at planting through advanced seed placement capabilities. The goal of optimum
plant placement within the row is to maximize uptake of nutrients and water of each plant while
optimizing yield and reducing input costs. These are important management factors as yield
potential can be related to plant population due to crop growth rates (Shibles and Weber 1965)
and canopy photosynthesis (Wells 1991).
These data suggest that planter type did not improve soybean populations and there were
no differences observed in soybean populations following seeding rates of 185,250 and 308,750
seed ha-1. Plant height measurements did not differ across planter types for each seeding rate.
However, there was a difference in plant height measurements between seeding rates. Soybean
plants reached a greater height when seeded at the high rate due to inter-plant spacing being
closer and therefore increasing competition for sunlight. However, there are numerous studies
that have shown no significant plant height response to increased plant populations (Hinson and
Hanson 1962, Lueschen and Hicks 1977, Probst 1945, Wilcox 1974).
Planter technologies have improved over recent years with respect to accuracy and seed
to soil placement. Most growers, especially those growing corn, have opted for precision planters
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to decrease seeding cost and to optimize yield potential of each plant in the field by increasing
water availability, nurtirent uptake, and light interception. In small-plot research and
demonstration trials, it is difficult to use the commercial, precision planters often used on
production farming operations due to multiple variables including number of treatments, small
plot size, and ability to harvest. For these reasons, cone-planters are often used in research
because it is more efficient to switch between individual treatments at planting. However, coneplanters can place seed closer together and increase the numbers of doubles and skips because
they rely on a rotating wheel and gravity where all seed are initially dropped and randomly
dispersed into individual cells. In this experiment, there was not a significant difference in plant
spacing across planter types at the 185,250 seeding rate ha-1. There was a significant difference
between plant spacing across planter types at the 308,750 seeding rate ha-1. At the 308,750 plant
population ha-1, the cone planter placed seed much closer compared to the air planter with
standard and Vset systems. There was less variation in inter-spacing of plants at the lower
seeding rate but as plant population increased inter-spacing variation increased in the cone plot
planter. As the wheel of the cone planter rotates it places seed much closer in the seed furrow
compared to the other planter types used in this study. However, when comparing each plant
population among the planter types, no significant difference in mean yield of soybean was
observed. Soybean yield differences observed were between the lower and higher seeding rates.
Soybean planted at 308,750 seed ha-1 achieved greater yield compared to soybean planted at
185,250 seed ha-1. The mid-May planting date in this experiment may have influenced the
greater yield observed following the higher seeding rate. Lee et al. (2008) observed a significant
increase in yield from increased plant populations at later planting dates of soybean. Planting at
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greater seeding rates may be more beneficial in a double cropping system when soybeans are
planted much later than the optimal planting date.
The primary purpose of this research was to identify planter type variation between
different plant populations in Mid-South soybean production systems and to determine if
research type plot cone planters introduced too much variability in yield to be relied on for
accurately distinguishing treatment differences in soybean experiments. There was less variation
in inter-spacing of plants at the lower seeding rate while more variation in plant spacing was
observed when using the research plot-type cone planter compared to other planter types.
However, there was no yield difference observed for soybean planted with any of the evaluated
planter types. Data from this experiment suggest that increased seeding rate at later planting
dates can increase yield, but the planter technology and achievement of evenly spaced plants
within a row does not result in improved soybean yield.
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Mean (SEM) plant densities (1,000/ha) of soybean planted at different plant
populations and with different planter types in Mississippi (2017).
Planter Type

Seeding Rate ha-1

Cone
Air

1,000 plants ha-1
169.1 a (9.2)

185,250

187.7 a (4.1)

Vset

184.0 a (3.8)

P>F

0.14

Cone

308.7 a (39.4)

Air

308,750

269.8 a (2.3)

Vset

239.5 a (6.7)

P>F

0.16

Means followed by the same letter are not significantly different at P < 0.05.
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Table 5.2

Mean (SEM) plant height measurements (cm) of soybean planted at different plant
populations and with different planter types in Mississippi (2017).

Planter Type

Seeding Rate ha-1

Plant Heights (cm)

Cone
Air

85.8 a (0.9)
185,250

82.8 a (3.4)

Vset

82.8 a (2.2)

P>F

0.48

Cone

88.0 a (2.7)

Air

308,750

88.7 a (2.4)

Vset

92.0 a (3.2)

P>F

0.07

Means followed by the same letter are not significantly different at P < 0.05.
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Table 5.3

Mean (SEM) plant height measurements (cm) of R5 soybean planted at different
plant populations in Mississippi (2017).

Plant Population ha-1

Plant Heights (cm)

185,250

83.8 b (1.3)

308,750

89.5 a (1.6)

P>F

0.02

Means followed by the same letter are not significantly different at P < 0.05.
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Table 5.4

Mean (SEM) and inter-plant spacing (mm) of soybean planted at different plant
populations and with different planter types in Mississippi (2017).

Planter Type

Plant Population ha-1

Inter-Plant Spacing (mm)

Cone
Air

48.0 a (5.0)
185,250

49.9 a (4.5)

Vset

54.5 a (3.3)

P>F

0.55

Cone

23.4 b (2.4)

Air

308,750

34.6 a (3.2)

Vset

35.2 a (2.8)

P>F

0.01

Means followed by the same letter are not significantly different at P < 0.05.
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Table 5.5

Mean (SEM) yield of soybean planted with different planter types in Mississippi
(2017).
Kg ha-1

Planter Type
Cone

2,148 a (89.3)

Air

2,261 a (74.7)

Vset

2,280 a (92.0)

P>F

0.13

Means followed by the same letter are not significantly different at P < 0.05.
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Table 5.6

Mean (SEM) yield of soybean planted at different plant populations in Mississippi
(2017).

Plant Population ha-1

Kg ha-1

185,250

2,146 b (58.8)

308,750

2,313 a (72.3)

P>F

0.01

Means followed by the same letter are not significantly different at P < 0.05.
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CHAPTER VI
CONCLUSIONS
Experiments were conducted in 2016 and 2017 to identify at planting insecticides for
alternatives to neonicotinoid insecticide seed treatments. Experiments were conducted to
identify alternative insecticides that could be used in place of neonicotinoid seed treatments for
early season integrated pest management in Mid-South soybean production. Insecticide
treatments were analyzed from five site years in Mississippi during 2016 and 2017. The
treatments included various at–planting insecticides that were applied as seed treatments, infurrow sprays, or foliar sprays. A complex of multiple insect species at subthreshold levels was
present throughout the seedling stage, however, the most prevalent was pea leaf weevil, Sitoma
lineatus (L.) in 2016 and 2017 at Stoneville, MS. No significant differences were observed for
soybean yields across treatments compared to the fungicide only treated seed. There were no
significant differences in damage ratings, vigor ratings, or stand counts among any treatments
compared to the fungicide only treated seed. Soybean plots treated with lambda-cyhalothrin at
the V3 (3rd trifoliate) growth stage had taller plants at the R2 (full bloom) growth stage than
other treatments. Although previous research has shown benefits to at planting insecticides and
neonicotinoid seed treatments compared to untreated soybean seed, there were no differences in
2016 and 2017 across five tests. Impacts of early season insects can be highly variable
dependent on year and environment and their management is highly variable in terms of soybean
yields. However, neonicotinoid insecticide seed treatments are recommended for prophylactic
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treatments due to potential damage that soybean could incur. Increases in seed costs have driven
use of neonicotinoid seed treatments to protect initial investments at planting. Low seeding rates
have been proved to maximize yield of soybean in certain situations and neonicotinoid seed
treatments provide increased emergence to reach optimal seeding rate for maximum yields.
However, with exception of certain field scenarios, neonicotinoid seed treatments/at-planting
insecticides provided no benefit under an early season pest management program with a complex
of early season insects present.
The increased focus on controlling early season pests for optimal, uniform emergence of
soybean has led to interest in determining the optimal seeding rate and proper utilization of seed
treatments or combinations of the both for maximizing soybean yield within optimal and late
planting dates. Experiments were conducted in 2016 and 2017 to identify the effect of plant
population, seed treatments, and planting date on maximizing soybean yield. Soybean were
planted at six locations, in both Starkville, MS and Stoneville, MS during 2016 and 2017.
Timing of planting date had a significant impact on soybean yields. Planting at optimal planting
dates maximizes yield compared to planting at later planting dates. As seeding rate increases at
optimal planting dates, yield is penalized and decreases. However, across later planting dates,
soybean yields benefit from higher seeding rates until they reach a point of diminishing returns at
the highest seeding rates. Yields can be maximized at lower seeding rates when planted at
optimal times but seeding rates should increase as plantings are delayed. Neonicotinoid seed
treatments provided no benefit compared to untreated soybean seed and fungicide only treated
seed yielded higher than seed treated with a neonicotinoid across all plant populations. Across
the earlier planting dates, yield was potentially penalized from having the seed treatment due to
increased emergence. Across two trials at earlier planting dates, yields decreased as seed
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increased which can be correlated with increased seed emergence from have the neonicotinoid
seed treatment. However, at the later planting dates, there was no significant difference in either
of the seed treatments. This could potentially show the benefit of having a seed treatment due to
increased seedling emergence. As seed increased, yields did benefit from soybean, and could
potentially lower the seeding rates to a moderate population. Seeding rates could be planted at
moderate numbers compared to the highest plant populations with neonicotinoid seed treatments
to ensure increased emergence. Not only will this maximize yield but will cut soybean seed
costs to maximize yield and returns for soybean producers.
Earlier plantings have increased the risk of experiencing suboptimal plant populations from
multiple factors leading to reduced yield potential. These factors can include saturated soils, cooler
temperatures, and early season insects which can lead to slow seedling growth and reduced plant
populations. Different herbicide tolerance traits were used to simulate different levels of stand
loss from insect pests in soybean. Experiments were conducted in 2016 and 2017 to identify how
soybean plant populations can compensate for stand loss from simulated insect feeding during
early vegetative growth stages. Timing of stand loss had little impact on final soybean yields.
Stand loss timing had an impact at one location where stand loss at V1-V2 had a greater impact
on soybean yields than stand loss at V3-V4. Yields decreased as seeding rate increased with no
stand loss in two site years, increased in one site year, and did not change in the other three site
years. This suggests that significant risks can result from increasing the seeding rate if stand loss
does not occur. Among the site years where there was a seeding rate by percent loss interaction
on soybean yields, the response to these two factors was highly variable. In general, the 40% stand
loss treatment resulted in lower soybean yields at the lower seeding rates compared to the no stand
loss treatment. Additionally, the impact of 40% stand loss became less important at the higher
113

seeding rates. For the 20% stand loss, soybean yields decreased at the higher seeding rates relative
to the lower seeding rates at one location and remained relatively stable at one location. In contrast,
soybean yields were improved by 20% stand loss at the higher seeding rates for two of the
locations. In general, soybean yields can be maximized at low plant populations but must be
protected and have minimal stand loss when low final plant stands are achieved. Increasing
seeding rates to compensate for early season plant loss is not economically feasible due to seed
costs and provides a significant level of risk if stand loss does not occur. The results of this
experiment show that planting higher rates of seed can provide significant risk of yield and
economic losses even with uniform emergence if no stand loss occurs. If seeding rates are lowered
they should be treated with a neonicotinoid seed treatment to provide increased emergence due to
less seed being planted. Lower seeding rates should be used to preserve costs of seed and
maximize yield, but this is highly variable dependent on soybean variety, year, field history, and
grower preference.
An experiment was conducted in 2018 to evaluate the impact of planter type and seeding
rate on soybean stand uniformity and yield. Treatments were established using a 4 row Almaco
planter equipped with plot-type cones, John Deere MaxEmerge XP vacuum air planter, and a
John Deere MaxEmerge XP equipped with a Vset precision metering system at two different
seeding rates: 185,250 and 308,750 seed ha-1. Planter type had a significant impact on spacing
between soybean plants but no significant impact on soybean yield. Seed planted with the Vset
precision metering system or the vacuum air planter emerged into more evenly spaced plants
compared to those planted with the research plot-type cone planter. Furthermore, soybean
planted at 185,250 seeds ha-1 resulted in increased distance between plants, however, soybean
planted at 308,750 seeds ha-1 resulted in increased yield. Data from this experiment suggest that
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increased seeding rate at later planting dates can increase yield, but the planter technology and
achievement of evenly spaced plants within a row does not correlate with improved soybean
yield. Additionally, this data suggest that planters set up for research plots with cones produce
similar results as precision planters used in production fields.
Optimal seeding rates and final plant populations can be highly variable when trying to
maximize yield and returns. Producers should opt on decisions based on previous years, and
personal preference but lowering seeding rates and using neonicotinoid seed treatments can
potentially maximize yields and net returns for soybean producers. Seed costs can be lowered by
decreasing seeding rates, but seedlings must be protected from pests and seedling disease.
Protecting these seedlings at lower plant populations would limit the vulnerability to stand loss
that could potentially decrease yields from too much stand loss. There is further research that
needs to be conducted on seeding rates and final plant populations that can maximize soybean
yield and net returns for soybean producers.

115

